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(57) Abstract 



The invention relates to silica and iron oxide based pigments and to a 
method for the production thereof. lii order to obtain a silica and iron oxide based 
pigment, microstlica and an iron oxide source are mixed and/or triturated in a 
ratio ranging between 2 % and 30 % by weight of iron oxide. A diy agglomerate 
is obtained by mixing the raw materials, which is calcined at temperatures ranging 
from 800* to 1300' C, yielding a product which is dien triturated to obtain a 
reddish powder. This colorant has a wide variety of applications, for instance, 
red and orange colored pieces can be produced when it is added to a standard 
porcelain, earthenware composition. 

(57) Resumen 

Para la obtencfon de un pigmento de sflice - 6xido de hierro, sc mezcla 
y/o moltura microsflice y una fuente de 6xido de hierro en proporciones entre 
el 2 y el 30 % en peso de 6xido de hierro. Con la mezcla de materias primas 
sc obtiene un aglomerado seco que se calcina a temperaturas entte los 800 y los 
13(X) *C, obtenidndose un producto que sc moltura para la obtenci6n de un polvo 
de color rojizo. Este colorante puede utilizarse en una amplia variedad de usos, 
por ejemplo afladido a una composicidn standard de gres porcel^ico, permite 
obtener piezas de coloraciories rojas y anaranjadas. 
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PIGMENTOS A BASE DE SILICE Y OXIDO DE HIERRO Y PROCEDIMIEN- 
TO DE FABRICACION DE LOS MISMOS 

5 Ambito de la invencion 

La presente invencion se adscribe al sector tecnico 
de la fabricacion de pigmentos . En concrete se trata de 
obtener pigmentos de silice y oxido de hierro utiles en 
10 diversas industrias y particularmente en la industria 
ceramica. El componente siliceo de estos pigmentos se 
obtendria a partir de microsilice o de humo de silice, como 
rasgo mas caracteristicos de la invencion. 

15 Descripcion del estado de la tecnica 

Los pigmentos naturales, silice - hierro, son cono- 
cidos desde la antiguedad por sus propiedades cromoforas. 
Utilizados extensamente en ceramica, para la coloracion de 

20 la masa, proporcionan un color en la gama de los ocres - 
marrones - naranjas - rojizos, al ser introducidos en pro- 
porciones considerables, que van del 2 al 12 % en peso, 
adolecen esencialmente de falta de homogeneidad debido a 
las oscilaciones en caracteristicas f isico-qulmica de los 

25 yacimientos. 

Numerosos esfuerzos han sido realizados, intent ando 
reproducir las caracteristicas de este tipo de colorantes 
naturales, aunque la limitacion con la que se ha encontrado 
reiteradamente es la de conseguir productos de buena cali- 

30 dad a un coste competitive en relacion con los precios del 
mercado establecidos para los productos de origen natural . 

En desarrollos previos existen distintos intentos de ' 
reproduccion de este tipo de colorantes, basados en proce- 
dimientos de reaccion por via humeda, con pbtencion de un 

35 gel, Fe^O. xSiOj, con contenido en Fe.O, del fe al 15% en pe- 
so, que debe someterse a un proceso de secado, calcinacion 
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y mqiienda, para la obtencion del producto de calidad 
adec^ada . 

, En la patente US 3,005,724 (1961), se parte de si- 

lice coloidal, como fuente de silice, y de una fuente de 
5 oxido de hierro, pref erentemente sulfate de hierro, obte- 
niendose una suspension que se gelifica con la adicion de 
una solucion alcalina. Este gel se seca y calcina a tempe- 
raturas entre 900 y 1400 *C y despues se moltura para la 
obtencion del pigmento. 

10 Por otra parte, existen patentes en las que se uti- 

liza la silice pirogenica para mejorar las caracteristicas 
de los pigmentos sinteticos de oxido de hierro. En estos 
casos, se utilizan bajas proporciones de silice entre el 
0/25 y el 10 % de SiO^ en peso, y se utiliza para mejorar la 

15 fluidez y la coloracion de los pigmentos, en comparacion 
con los oxides de hierro sinteticos. 

. En las patentes US 4.221.607 y US 4.229.635, se 
presentan procedimientos de obtencion de este tipo de oxido 
de hierro, partiendo de una solucion de sulfate de hierro 

20 (caparrosa) , como fuente de oxido de hierro, a la que se la 
adiciona una pequena proporcion de silice (entre el 0,25 y 
el 10% en peso) , para despues de un proceso de secado y 
calcinacion obtener los pigmentos de oxido de hierro, de 
propiedades mejoradas. En la patente US 4.221.607, la adi- 

25 cion de silice se realiza previamente al secado y cal- 
cinacion y se obtiene un pigmento de hierro que se comport a 
mejor en el proceso de calcinacion, mientras que en la 
patente US 4.229.635, la adicion de hierro se realiza des- 
pues del proceso de calcinacion y durante un proceso de 

30 lavado del colorante, previo a un secado y molienda fina- 
les, obteniendose un pigmento con fluidez mejorada. 

No se han encontrado referencias en cuanto a la 
utilizacion de la microsilice para la fabricacion de pig- 
mentos de silice - oxido de hierro. 

35 
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Breve descripcion de la invencion 



El objetivo de la presente invencion ha sido la ob- 



tencion de pigmentos inorganicos del sistema silice - oxido 
5 de hierro, X FejOa Y Si02, utilizando como fuente de silice, 
microsilice o humo de silice, unido al proceso para la 
obtencion industrial del mismo. Los pigmentos obtenidos 
desarrollan una coloracion, rojo - anaranjada, sobre todo 
cuando se utilizan en la fabricacion de productos ceramicos 

10 de baja porosidad, tipo gres porcelanico, siendo una alter- 
nativa competitiva, en calidad y coste, a los materiales 
naturales, tipo Gres de Thiviers que vienen empleandose ac- 
tualmente. La presentacion del producto se efectua en forma 
de polvo micronizado, siendo suscepcibles de poderse incor- 

15 porar a la composicion base por un mecanismo de dispersion 
directa, sin necesidad de molturacion. 

Descripcion detallada de la invencion 

20 Los colorantes objeto de la invencion, estan const i- 

tuidos principalmente por mezclas de oxido de silicic 
(silice) , en proporciones que oscilan entre el 70 y el 98% 
en peso, y oxido de hierro, en distintas 'proporciones, 
referido a una mezcla de Si02 y FejO. . 

25 Esta invencion utiliza como fuente de oxido de sili- 

cic la microsilice 6 humo de silice, que se obtiene, funda- 
mentalmente como subproducto, por condensacion de los gases 
desprendidos en el proceso de fabricacion de silicic metal 
(fusion con arco electrico) , y de aleaciones del silicic y 

30 otros metales. Dicho producto se caracteriza por su alto 
contenido en silice (mayor del 90% expresado como SiO.) y 
por su extraordinariamente fino tamano de particula (alre- 
dedor de 100 nm) . 
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darse y/o descomponerse durante el proceso de calcinacion 
prepare ionando el oxido de hierro. 

J A estas mezclas basicas se les pueden anadir peque- 

na's cantidades de aditivos, para mejorar las caracteristi- 
5 cas del colorante y/o modificar su coloracion. 

Los colorantes resultantes, son pigmentos de 
coloracion rojo - anaranjada, que se pueden utilizar para 
colorear todo tipo de materiales , pref erentemente mate- 
riales ceratnicos, y sobre todo masas ceramicas que propor- 
10 cionen materiales ceramicos de baja porosidad, tipo Gres 
Porcelanico . 

En funcion de la composicion, fuente de oxido de 
hierro, condiciones de coccion y trataraiento posterior del 
cdlorante, se obtiene una amplia gama de coloraciones , 

15 dentro de los tonos rojo - anaranjados. 

En esencia, la silice proporciona un recubrimiento, 
capa protectora, a las particulas de oxido de hierro, que 
las protege f rente a agresiones extemas, como la tempe- 
ratura, atmosfera y/o ataque de otros compuestos. Esta ca- 

20 pa de proteccion, es la responsable de que el oxido de hie- 
rro procesado de este modo, permanezca mas estable durante 
su uso en las composiciones ceramicas que son sometidas a 
altas temperaturas durante su proceso de elaboracion. 

Estos colorantes de silice - hierro se obtienen por 

25 calcinacion, de las mezclas de materias primas, a altas 
temperaturas, formahdose un pigment© con estructura de 
tridimita y/o cristobalita, en la que el oxido de hierro 
esta incorporado con estructura de hematita. La tridimita 6 
cristobalita se forman por calcinacion de la sxlice amorfa, 

3 0 obteniendose una estructura estable u otra, en funcion de 
las condiciones de coccion y de los aditivos e impurezas 
presentes. 

Las distintas composiciones de materia prima se 
pueden preparar mediante procesos via seca o via humeda. En 
35 el proceso via seca, se realiza la mezcla de materias pri- 
mas en un molino o en una mezcladora, pudiendose, opcional- 
mente, granular la mezcla resultante, para facilitar su 
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manipulacion (transporte, dosif icacion, . , . ) . En el proceso 
via humeda, se prepara una suspension en agua de las mate- 
rias primas por molienda o dispersion, secandose la mezcla, 
en un proceso de atomizacion, en que se obtiene un material 
5 aglomerado, apto para su posterior procesado. 

Estas mezclas de materias primas, mas o menos 
aglomerada, pueden pasar opcionalmente a una etapa previa 
de secado, para proceder a continuacion a su calcinacion 
(tratamiento termico a elevada temperatura, en el que van a 

10 producirse las distintas transf ormaciones f isico-quimicas 
que conduciran el material hasta su estado final) . Dicha 
calcinacion se puede efectuar en distintos tipos de homos 
a temperaturas comprendidas entre los 800 y 1300 **C, en fun- 
cion de las caracteristicas de la silice, de la fuente de 

15 oxido de hierro y de los aditivos utilizados. 

En algunos casos se puede realizar una calcinacion 
previa, a menor temperatura, para preparar adecuadamente 
las materias primas para su posterior reaccion, procedien- 
dose en esta etapa a oxidar la materia organica y el oxido 

20 de hierro presentes y/o a descomponer, en el caso que sea 
necesario, la materia prima fuente del oxido de hierro. 

El producto despues de la calcinacion, se somete a 
una etapa de reduccion del tamano de particula para propor- 
cionar una coloracion mas homogenea. Dicha operacion se 

25 efectua, pref erentemente, en una instalacion de molienda de 
via seca, con clasif icacion dinamica, que permite garan- 
tizar que mas del 99% de las particulas esten por debajo de 
los 4 0 micrometros. 

30 Ejemplos 

Eiemplo 1 

87 kg. de microsilice ,13 kg. de oxido ^de hierro rojo 
35 sintetico, se molturan en un molino de bdlas de silex du- 
rante 4 horas, con 50 litros de agua. La Suspension obte- 
nida se seca y el granulado obtenido se calcina 1050 ^'C con 
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un tiempo de permanencia a la temperatura maxima de 3 
hora^. ' Se obtiene un producto de coloracion rojiza, que se 
mqltura en un molino de bolas de alumina via seca, hasta 
que el 99% de las particulas este por debajo de 40 micras . 
5 Este colorante adicionado a una composicion Standard de 
gres porcelanico en proporcipn del 5% en peso, proporciona 
piezas cocidas con coordenadas cromaticas Hunter-LAB L=38,0 
a=15,6 b=7,4. 

10 Biemplo 2 

346 kg. de microsllice y 72 kg. de oxido de hierro rojo 
sintetico, se granulan en una equipo de granulacion inten- 
sivo con 8 0 litros de agua. El granulado obtenido se seca y 
15 calcina a 1025 °C con un tiempo a la temperatura maxima de 6 
horas . Se obtiene un producto de coloracion rojiza, que se 
moltura de igual forma al ejemplo 1. Las coordenadas croma- 
ticas que se obtienen son L=40.3 a=15.0 b=7.3. 

20 Eiemplo 3 

94 kg. de micros i lice y 6 kg. de oxido de hierro rojo 
sintetico se procesan de igual forma que en el ejemplo 1. 
Las coordenadas cromaticas que se obtienen son L=43.5 
25 a=17.2 b=8.5. 

Eiemolo 4 

Se prepara una suspension con 65.8 kg. de microsilice, 34.2 
30 kg. de sulfate ferroso (FeS04.7H20) y 75.0 kg. de agua en 
un molino de bolas de silex, con un tiempo de molienda de 4 
horas. La suspension se seca y se obtiene un granulado que 
se precalcina para descomponer los sulfates y oxidar el 
oxido de hierro y posteriormente se calcina a 1100 Las 
35 coordenadas cromaticas que se obtienen en las piezas coci- 
das • preparadas con un 5% en peso de colorante son L=43.0 
a=16.6 b=10.5. 
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Descripcion de las figuras 

Figura 1 . Diagrama de bloques del proceso de f abricacion 
5 utilizado. 

1 . Microsilice 

2 . Fuente de oxido de hierro 

3. Molienda 

10 4. Aglomeracion 

5 . Precalcinacion 

6 . Calcinaciori 

7 . Enf riamiento 

8. Mezclado 

15 9. Molienda Via seca 

10. Mezclado 

11 . Ensacado 
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REIVINDICACIOrTES 

i- 

1. Pigmentos de silice-oxido de hierro caracteri- 
5 zados por que el componente siliceo (SiOj) se obtiene a par- 
tir de microsilice o humo de silice, teniendo una propor- 
cion de oxido de silicio que oscila entre el 70 y el 98 % 
en peso, mientras que la proporcion de oxido de hierro 
oscila entre el 2 y el 30 % en peso. 
10 2. Procedimiento de obtencion de los pigmentos de 

la reivindicacion 1, caracterizado por comprender las si- 
guientes etapas: 

a) ' Mezclado de las materias primas mayoritarias y mino- 
ritarias 

b) Aglomeracion de la mezcla de materias primas resultants 
de la etapa anterior 

c) Calcinacion en homo de la mezcla aglomerada previamente 
en ciclo termico a temperaturas comprendidas entre 800 y 
1300°C, con tiempos de residencia oscilando entre 1 y 24 
h. 

d) Mezcla del pigmento obtenido en la etapa de calcinacion 
anterior 

e) Reduccion del tamano de particula de la mezcla del 
pigmento obtenido 

f) Mezcla final con control de las coordenadas cromaticas 
del pigmento obtenido 

g) Dosificacion y envasado 

3. Procedimiento segun la reivindicacion 2, en el 
que las etapas a) y/o b) pueden hacerse por via seca. 

4. Procedimiento segun la reivindicacion 2, en el 
que las etapas a) y/o b) pueden hacerse por via humeda. 

5. Procedimiento segun las reivindicaciones 2 y 3, 
en el que la mezcla de la etapa a) se hace mediante moltu- 
racion. 
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6, Procedimiento segun las reivindicaciones 2 y 4, 
en el que la mezcla de la etapa a) se hace mediants 
dispersion, pref erentemente en agua. 

7. Procedimiento segun las reivindicaciones 2, 3 
5 y 5, en el que la aglomeracion de la etapa b) consiste en 

una granulacion. 

8. Procedimiento segun las reivindicaciones 2, 4 
y 6, en el que la aglomeracion de la etapa b) consiste en 
un secado por atomizacion. 

10 9. Procedimiento segun las reivindicaciones 2 a 

8, en el que, opcionalmente, antes de la etapa c) se dispo- 
ne una etapa previa de precalcinacion . 

10. Procedimiento segun las reivindicaciones 2 a 

9, en el que, opcionalmente, tras la etapa c) se dispone 
15 una etapa de enf riamiento, previa a la mezcla del pigmento 

resultante. 

11 . Procedimiento segun las reivindicaciones 2 a 

10, en el que la etapa e) consiste pref erentemente en una 
molturacion o molienda. 

20 12. Pigmentos obtenidos segun el procedimiento de 

las reivindicaciones 2 a 11. 

13. Utilizacion de la microsilice como fuente de 
Si02 en la fabricacion de pigmentos y/o colorantes inorgani- 
cos . 

25 14. Utilizacion del humo de silice como fuente de 

Si02 en la fabricacion de pigmentos y/o colorantes inorgani- 
cos. 

15. Utilizacion segun las reivindicaciones 13 y 
14, caracterizada porque la fuente de silice se obtiene a 

30 partir de la condensacion de los gases desprendidos en la 
fabricacion de silicic metal y/o de aleaciones del mismo. 

16. Utilizacion de los pigmentos de las reivindi- 
caciones 1 o 12, solos o mezclados con otro? materiales, 
como integrantes en las composiciones de esfeialtes, vidrios, 

35 ceramicas, cementos, plasticos, laminados^ Jtintas graficas 
y caucho. 
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i. 

V 17. Utilizacion de los pigmentos de las reivin- 
dica^iones 1 o 12, solos o mezclados con otros materiales, 
ert la decoracion superficial de esmaltes, vidrios, cerami- 
cas, cementos, plasticos, laminados, tintas graficas y cau- 
5 cho. 

18. Producto ceramico caracterizado por incluir en 
su composicion los pigmentos de las reivindicaciones 1 o 
12. 

19. Producto ceramico de acuerdo con la 
10 reivindicacion 18, caracterizado por consistir en un gres 

porcelanico. 

20. Gres porcelanico de acuerdo con la reivindi- 
cacion 19, caracterizado por presentar, para un porcentaje 
de pigment© del 2% que result a en un color de tonos rojo- 

15 anaranjados, unas coordenadas cromaticas (Hunter-LAB) en 
los siguientes intervales: L = 36-46, a = 10-18 y b = 7-11. 
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I. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 1 7)): 
Description, pages: 

1 -7 with telefax of 1 5/06/200 1 

Claims, No.: 

1 -20 with telefax of 1 5/06/2001 

Drawings, sheets: 

1/1 as originally filed 



2. With regard to the language, all the elements marked above were available or fumished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or fumished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23,1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

Q furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 
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□ the drawings, sheets: 

5. □ This report has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 



6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 



Novelty (N) 


Yes: 


Claims 


1-13,15-20 




No: 


Claims 


14 


Inventive step (IS) 


Yes: 


Claims 


1-13,15-20 




No: 


Claims 


14 


Industrial applicability (lA) 


Yes: 


Claims 


1-20 




No: 


Claims 





2. Citations and explanations 
see separate sheet 



VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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Re Item V 

Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive st p 
or industrial applicability; citations and explanations supporting such statem nt 

1) Reference is made to the following documents: 

D1 : 'Synthesis of FesOa/Silica red inorganic inclusion pigments for ceramic 
application', 'BONDIOLI F. ET AL.MVIATER. RES. BULL., 33/5/00-00-1998, 723- 
729. 

D2: US-A-4221607 

2) Novelty - Art. 33 (1) and (2) PCT 

2.1. D1 discloses red inorganic ceramic pigments in which haematite is included in a 
fumed silica matrix. Starting materials in the disclosed process are fumed silica 
and synthetic goethite which are blended by wet-mixing prior to heating and 
subsequent cooling (abstract, p. 724 paragraph 3). The thermal inclusion occurs 
at calcination at 1 1 50-1 200°C for 2-4 h (abstract). The pigments are suitable for 
use as colouring agents in enamels and in decoration (p. 723 paragraph 1 and p. 
726 paragraph 2-5). The iron oxide content is 10 wt.% (p. 725 paragraph 1). L-a-b 
chromaticity values are surveyed (p. 727 paragraph 2 and Fig. 4 and 5). However, 
D1 does not disclose the use of microsilica as the starting material as defined in 
the present application. Therefore, in the light of D1 , the subject-matter of claims 
1-13 and 15-20 is regarded as novel. 

2.2. D2 discloses silica-iron oxide pigments for which fumed silica serves as a starting 
product, but the ratios of silica (0.25 - 10 wt.%) and of iron oxide in the product are 
not the same as in the present application. In the process of D2 fumed silica or 
precipitated silica is blended with an iron oxide solution. The blend is then dried 
and subsequently calcined in a furnace at 718- 871 °C with a residence time of 
e.g. 4 h (ex. 1 ). The calciner output is then wet- ground in water to a desired 
particle size range (c. 3 1. 1 1-c. 4 I. 4). Thus, D2 does also not disclose the fea- 
tures by which the present invention is defined. In particular, D2 does not disclose 
the use of microsilica as the starting material and it does not disclose the ratio of 
silica and iron oxide as defined in the present application. Therefore, also in the 
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light of D2, the subject-matter of clainns 1-13 and 15-20 is regarded as novel. 

2.3. Clainn 14 relates to the use of fumed silica as a source of SiOs in the manufacture 
of inorganic pigments and/or colorants. Therefore, in the light of what was set 
forth under 2.1 and 2.2, the subject-matter of claim 14 cannot be regarded as 
novel. 

3) Inventive Step - Art. 33 (1) and (3) PCT 

3.1. The technical problem underlying the present invention can be seen in providing 
inorganic pigments of silica-iron oxide having a red-orange hue colouration. This 
problem is overcome by the present invention by the use of microsilica as the 
silica source and iron oxide for producing pigments having a ratio of silica of 70-98 
wt,% and a ratio of iron oxide of 2-30 wt.%. Furthermore, a process for obtaining 
such a pigment and products derived from the pigments are defined. 
Document D1 is considered to represent the closest prior art. 

3.2. The disclosures of D1 and D2 have been set forth in detail above. However, it is 
stated in D1 (p. 727 last paragraph), that the stability of pigments is decreased in 
samples obtained by using silica having surface area lower than 300 m^/g and 
heat treated at 1300°C (as is the case in the present invention). Microsilica, as is 
used in the present invention, typically has a surface area in the range of 0.015-10 
m^/g. Surprisingly, the pigments subject of the present invention show colour 
features and stabilities similar to the prior art products based on high surface 
fumed silica. Therefore, the subject-matter of claims 1-13 and 15-20 is regarded 
as involving an inventive step. 

Re Item VIII 

Certain observations on the international application 

a. One of the features of claim 20 ("for a percentage pigment of 2% that gives a 
colour of red-orange tone") is not referred to in the description. Claim 20 is 
therefore not supported by the description as required by Article 6 PCT. 
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Field of the Invention 

The present invention relates to the technical field of 
pigment manufacturing. Specifically, it deals with obtaining 
silica and iron oxide pigments useful in different 
industries and particularly in the ceramics industry. The 
silica component of these pigments would be obtained- from 
microsilica or from fumed silica as the most characteristic 
feature of the invention. 
Description of the state of the art 

The natural pigments, silica B iron, have been known 
since ancient times for their chromophore properties. 
Extensively used in ceramics for colouring the mass, they 
provide a colour within the range of ochre B browns B 
oranges B reddish, on being introduced in high ratios which 
range from 2 to 12% by weight. However, they essentially 
lack homogeneity due to variations in the physico-chemical 
characteristics of the deposits. 

Several efforts have been carried out trying to 
reproduce the features of this type of natural colorants, 
although these efforts have always come up against the 
limitation of achieving good quality products at a 
25 competitive cost relative to the market prices established 
for naturally occuring products. 

In the prior developments there are different attempts 
to reproduce this type of colorants based on wet reaction 
processes, obtaining a gel, FezOjr xSiOz, with a FesOa content 
30 of 5 to 15% by weight, which must be submitted to a drying, 
calcination and milling process in order to obtain the 
product with an adequate quality. 

In US patent 3,005,724 (1961), the starting product is 
a colloidal silica as a sxiica source, and a source of iron 
35 oxide, preferably iron sulphate, obtaining a suspension 
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which is geiified by the addition of an alkaline solution. 
This gel is dried and calcinated at tenvperafures between 900 
and 14 001 C and afterwards it is milled in order to obtain 
the pigment. 

On the other hand, there are patents in which fumed 
silica is used to improve the features of the iron oxide 
synthetic pigments. In these cases, low silica ratios 
between 0.25 and 10 % of SiOz by weight are used, and it is 
used to improve the flowability and the coloration of the 
pigments in conparison with the synthetic iron oxides . 

US patents 4,221,607 and 4,229,635, are disclosing 
processes for obtaining this type of iron oxide, starting 
from a solution of copperas as a source of iron oxide, to 
which a small proportion of silica is added (between 0,25 
15 and 10% by weight) to obtain the iron oxide pigments with 
improved properties after a drying and calcination process. 
In us patent 4,221,607, the addition of silica is carried 
out before drying and calcination and an iron pigment is 
obtained which behaves better in the calcination process, 
20 while in US patent 4,229,635, the addition of iron is 
carried out after the calcination process and during a 
washing process of the colorant, before final drying and 
milling, obtaining a pigment with improved flowability. 

References have not been found to the use of 
25 roicrosilica for the manufacture of silica-iron oxide 
pigments , 

. Brief description of the invention 

The object of the present invention was to obtain 
inorganic pigments of the silica-iron oxide, FezOa and SiOj 
30 system, using microsilica or fx:iiTied silica as the silica 
source, along with the process for industrial obtention of 
said pigment. The obtained pigments may have a of red B 
orange hue colouration, above all when used in the 
manufacture of ceramic products of low porosity such as 
35 porcelain stoneware. They are a competitive alternative, in 
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terms of quality and cost, to nararal materials such as 
Thiviers stoneware, which are currently used. The 
presentation of the product is in the form of a micronised 
powder- The product can be incorporatad int:o the base 
5 composition through a direct dispersion mechanism without 
the need for milling. 

Detailed description of the invention 

The colorants object of tha invention consist mainly of 
mixtures of silicon oxide (silica) , in ratios that range 

10 between 70 and 98 % by weight, and iron oxide, in different 
ratios, referred to a mixture of Si02 and FezOa. 

This invention uses microsilica or fumed silica as the 
silicon oxide source. Which is basically obtained as a by- 
product by condensation of the gases evolved during the 

15 process of manufacturing silicon metal (electric arc 
melting) and alloys of silicon and other metals. Said 
product: is characterised by its high content in silica 
[greater than 90 % expressed as Si02) and by its extremely 
fine particle size (around 100 nm) . 

20 As a source of iron oxide, red and/or yellow iron oxide 

(natural and/or synthetic) at ranges between 2 and 30% by 
weight can be used, or salts and/or complexes of iron that 
can be oxidised and/or decompose during the calcination 
process to provide iron oxide. 

25 Small quantities of additive can be added to these 

basic mixtures to improve the features of the colorant 
and/or to modify its coloration. 

The resulting colorants are pigments of a red-orange 
colour which can be used for colouring all sorts of 

30 materials, preferably ceramic materials, and specially 
ceramic masses that provide porcelain stoneware type low 
porosity ceraitiic materials. Particularly porcelain stoneware 
which show chromatic coordinates (fiunter-LAB) in the 
following ranges: L = 36-46, a - 10-18 and b - 7-11 are 

35 
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obtained using those pigments of the invention. The pigments 
of the invention may be used^ alone or in blends with other 
materials as integrant in the compositions or for the 
surface decoration of enamels^ glasses^ ceramics^ cements, 
5 plastics^ laminates, graphic inks and rubber. 

Depending on the composition, source of iron oxide, 
conditions of subsequent firing and treatment to which the 
colorant is . submitted, a wide range of colours can be 
obtained within the red-orange tones . 
^0 In essence, the silica provides a protective coating 

layer for the iron oxide particles ^ protecting against 
external aggressions such as temperature, atmosphere and/or 
attack by other compounds. This protective layer ensures 
that the iron oxide processed in this way, remains more 
15 stable during its use in ceramic compositions that are 
submitted to high temperatures during their manufacture. 

These colorants of silica-iron are obtained by 
calcination of mixtures of raw materials at high 
temperatures, forming a pigment with tridymite and/or 
2 0 crystobalite structure in which the iron oxide is 
incorporated with hematite structure. The tridymite or 
crystobalite are formed by calcination of the amorphous 
silica, obtaining a stable structure or another one, 
depending on the firing conditions and on the present 
2 5 additives and impurities. 

The different compositions of raw material can be 
prepared through dry or wet processes. In the dry process, 
the mixture of raw materials is carried out in a mill or a 
blender. The resulting mixture may optionally be granulated 
to facilitate its handling (transport, dosing...). In the 
wet process, a suspension in water of the raw materials is 
prepared by milling and dispersion, drying the mixture in an 
atomisation process, in which an agglomerated material 
suitable for subsequent processing is obtained. 
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These mixtures of raw raaterials, more or less 
agglomerated^ may optionally pass through a prior drying 
stage, to then proceed to calcination (thermal treatment at 
high temperature in which the different physico-chemical 
5 transformations that convert the material into its finished 
state will take place) . Said calcination may be carried out 
in different oven types at temperatures comprised between 
800 " and 13001 depending on the features of the silica, 

the source of iron oxide and the used additives^ with 

10 residence times ranging between 1 and 24h. 

In' some cases, a prior calcination may be effected, at 
a lower temperature to suitably prepare the raw m^aterials 
for their subsequent reaction. In this stage, if necessary, 
the present organic material and the iron oxide are oxidised ' 

15 and/or the raw material acting as a source of iron oxide is 
decomposed. 

After calcination the product is submitted to a 
particle size reduction step to provide a more homogeneous 
colour. Said operation is preferably carried out in a dry 

20 milling installation, with dynamic classification which 
permits to assure that more than 99 % of the particles are 
smaller than 40 micrometers. The process concludes with 
final blending with control of the chromaticity coordinates 
of the obtained pigment and dosing and packaging - 

25 Examples 
Elxample 1 

87 leg of microsilica and 13 kg of synthetic red iron 
oxide are milled in a silex-ball mill for 4 hours with 50 
litres of water. The suspension obtained is dried and the 

30 granulate obtained calcinated at a maximum temperature of 
10501 C for three hours. A red coloured product is 
obtained, which is milled in a mill with alumina balls in 
dry conditions, until 99 % of the particles are smaller than 
4 0 microns. This colorant, added to a standard composition 

35 of porcelain stoneware in a ratio of 5 % by weight, provides 
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fired pieces with Hunter-LAB' chromaticity coordinates of 
L=-38,0 a-iS.6 b=7 . 4 . 
Example 2 

346 kg of microsilica and 72 kg of synthetic red iron 
5 oxide are granulated in an intensive granulation machine 
with 3 0 litres of water. The granulate obtained is dried and 
calcinated at 10251 C for 5 hours at this maximum 
temperature, A reddish coloured product is obtained, which 
is milled in the same way as example 1. The chromaticity 
10 coordinates that are obtained are L=40.3, a^lS.O and b«7.3. 
Example 3 

94 kg of microsilica and 6 kg of synthetic red iron 
oxide are processed in the same way as in example 1, The 
chromaticity coordinates that are obtained are L=43.5, 
15 a«17-2 and b=8.5. 
Example 4 

A suspension is prepared with S5 . 8 kg of microsilica, 
34.2 kg of ferrous sulphate (FeS04$7H20) and 75.0 kg of water 
in a silex-ball mill. The milling lasts 4 hours. The 

20 suspension is dried and a granulate obtained that is pre- 
calcinated to decompose the sulphates and to oxidise the 
iron oxide and then the mixture is calcinated at 11001 c. 
The chromaticity coordinates that are obtained for the fired 
pieces prepared with 5% by weight of colorant are L.43.0r 

25 a=16.6 and b=10.5. 

Description of the figures 

Figure 1. Block diagram of the manufacturing process 

used. 

30 1- Microsilica 

2. Source of iron oxide 

3. Milling 

4- Agglomeration 
5 , Pre-calcination 
35 6. Calcination 
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7. Cooling 

a . Blending 

9 . Dry milling 

10, Blending 
5 11. Sacking 
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CLAIMS 

1. Pigments of silica-iron oxide characterised in that 
the silica component (SiOz) is obtained from microsilica, 
having a ratio of silica that ranges between 7 0 and 98% by 
weighty while the ratio of Iron oxide ranges between 2 and 
30% by weight. 

2. A process for obtaining pigments of- claim 1^ 
characterised in that it comprises the following steps:, 

a) Blending the majority and minority raw materials, 
containing microsilica and iron oxide 

b) Agglomerating of the resulting blend of raw 

materials from the previous stage 

c) Calcinating in an oven the agglomerated blend 
obtained in the previous stage with a thermal 
cycle at temperatures comprised between 800 and 
13 00°C, with residence times ranging between 1 and 
24 h, 

d) Blending the pigment obtained in the 
previous calcination step, 

e) Reducing the particle size of the obtained blend 
of pigment, 

f) Final blending with control of the chromaticity 
coordinates of the obtained pigment, 

g) Dosing and packaging. 

3. A process according to claim 2, in which stages a) 
and/or b) may be carried out in dry conditions. 

4. A process according to claim 2, in which srages a) 
and/or b) may be carried out in wet conditions. 

5. A process according to claims 2 and 3, in which the 
blend from stage a) is carried out by milling . 

6. A process according to claims 2 and 4, in which the 
mixture from stage a) is carried out by dispersion, 
preferably in water. 
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( 10 



15 



20 



25 



7, A process according to claims 2, 3 and 5, in which 
the agglomeration of stage b) consists of a granulation. 

8- A process according to claims 2^ 4 and 6, in which 
the agglomeration of stage b) consists of drying by 
atomisation. 

9. A process according to claims 2 to 8^ in. which, 
before stage c) there is a prior pre-calcination step • 

ID- A process according to claims 2 to 9, irx which, 
after stage c) , there is a cooling step, prior to blending 
of the resulting pigment. 

11. A process according to claims 2 to 10, in which 
step e) preferably consists of grinding or milling. 

12. Pigments obtained according to the process of 
claims 2 to 11. 

13. Use of microsilica as a source of SiOa in the 
manufacture of inorganic pigments and/or colorants. 

14. Use of fumed silica as a source of SiOa in the 
manufacture of inorganic pigments and/or colorants. 

15. Use according to claims 13 and 14, characterised in 
that the source of silica is obtained from condensation of 
gases evolved during the manufacture of silicon metal and/or 
alloys thereof . 

16. Use of the pigments of claims 1 or 12, alone or in 
blends with other materials^ as integrants in the 
compositions of enamels, glasses, ceramics, cements, 
plastics, laminates, graphic inks and rubber-. 

17. Use of the pigments of claims 1 or 12, alone or in 
blends with other materials, in the surface decoration of 
enamels, glasses, ceramics, cements, plastics, laminates, 
graphic inks and rubber. 

18. A ceramic product characterised in that it includes 
in its composition the pigments o£ claims 1 or 12 . 

19. A ceramic product in accordance with claim 18, 
characterised in that it consists of a porcelain stoneware. 
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20, A porcelain stoneware in accordance wlrh claim 19, 
characterised in that it shows chromatic coordinates 
(Hunter-LAB) in the following ranges: L = 36-46, a = 10-18 
and b = 7- 11, for a percentage pigment of 2% that gives a 
5 colour of red-orange tone. 
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I S Basis of the opinion 



II 


□ 
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□ 


IV 
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V 




VI 


□ 


VII 


□ 


VIII 
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I. Basis of the opinion 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this opinion as "originally fifed"): 

Description, pages: 

1-6 as originally filed 

Claims, No.: 

1-20 as originally filed. 

Drawings, sheets: 

1/1 as originally filed 

2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or fumished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1(b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the International application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ fumished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 
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□ the drawings, 



sheets: 



5. □ This report has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to tills 
report,) 



6. Additional observations, if necessary: 



V. Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



Industrial applicability (lA) Claims 1 -20:YES 



2. Citations and explanations 
see separate sheet 



VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 



1. Statement 
Novelty (N) 

Inventive step (IS) 



Claims 



Claims 



2-13,15,18-20:NO 



1 ,14.1 6,1 7:NO; 2-1 3,1 5,18-20:YES 
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Re Item V 

Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive st p 
or industrial applicability; citations and explanations supporting such statem nt 

1) Reference is made to the following documents: 

D1 : 'Synthesis of Fe203/Silica red inorganic inclusion pigments for ceramic 

appllcation','BONDIOLI F. ETAL.', MATER. RES. BULL., 33/5/00-00-1998, 
723-729. 

D2: US-A-4221607 

2) Novelty - Art. 33 (1) and (2) PCT 

2.1. D1 discloses red inorganic ceramic pigments in which haematite is included in a 
fumed silica matrix. Starting materials in the disclosed process are fumed silica 
and synthetic goethite which are blended by wet-mixing prior to heating and 
subsequent cooling (abstract, p. 724 paragraph 3). The thermal inclusion occurs 
at calcination at 1 150-1200°C for 2-4 h (abstract). The pigments are suitable for 
use as colouring agents in enamels and in decoration (p. 723 paragraph 1 and p. 
726 paragraph 2-5). The iron oxide content is 10 wt.% (p. 725 paragraph 1). L-a-b 
chromaticity values are surveyed (p. 727 paragraph 2 and Fig. 4 and 5). There- 
fore, in the light of D1 , the subject-matter of claims 1 , 14, 16 and 17 is not novel. 

3) Inventive Step - Art. 33 (1) and (3) PCT 

3.1 . The technical problem underlying the present invention can be seen in providing 
inorganic pigments of silica-iron oxide having a red-orange hue colouration. This 
problem is overcome by the present invention by the use of micro silica or fumed 
silica as the silica source and iron oxide for producing pigments having a ratio of 
silica of 70-98 wt.% and a ratio of iron oxide of 2-30 wt.%. Furthermore, a process 
for obtaining such a pigment and products derived from the pigments are defined. 
Document D1 is considered to represent the closest prior art. 

3.2. The disclosure of D1 has been set forth in detail under 2.1 . D2 discloses silica-iron 
oxide pigments for which fumed silica serves as a starting product, but the ratios 
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of silica (0.25 - 10 wt.%) and of iron oxide in the product are not the sanne as in 
the present application. However, a person skilled in the art would consider the 
process features disclosed in D2 as typical features for the production not only of 
the pignnents of D2 but also for pigments with higher silica content and lower iron 
oxide content as is subject-matter of D1 and of the present application. In the 
process of D2 fumed silica or precipitated silica is blended with an iron oxide 
solution. The blend is then dried and subsequently calcined in a furnace at 718- 
871 "^C with a residence time of e.g. 4 h (ex. 1 ). The calciner output is then wet- 
ground in water to a desired particle size range (c. 3 I. 1 1-c. 4 I. 4). Process para- 
meter like agglomerating, final blending, dosing and packaging or drying by 
means of atomisation come within the scope of the customary practice followed by 
persons skilled in the art, especially as the advantages thus achieved can readily 
be foreseen. A surprising technical effect which is requisite for the presence of an 
inventive step, could not be seen. Therefore, over the combination of the technical 
teachings of D1 and D2, an inventive step cannot be acknowledged for the 
subject-matter of claims 2-1 1 , and accordingly also not for the subject-matter of 
claim 1 2, which claims the product obtained by the process of claims 2 to 1 1 . 

3.3. As set forth above under 2.1 , fumed silica serves in D1 as a source for SiOa in the 
manufacture of inorganic pigments. The use of micro silica as an alternative 
material for the same purpose does not seem to involve an inventive step. 
Furthermore, it does not seem to lead to any surprising technical effect when the 
fumed silica is obtained in a certain way. The subject-matter of claims 13 and 15 
does therefore not fulfill the requirements of Article 33 (1) and (3) PCT. 

3.4. Products such as ceramic products or porcelain stoneware are regarded as typical 
objects to which red coloured inorganic pigments are applied. The chromatic 
coordinates do not appear to represent surprising optical properties (see e.g. D1 
Fig. 4 and 5) which could justify an inventive step. Therefore, an inventive step 
has to be denied for the subject-matter of claims 18, 19 and 20. 

Re Item VIII 

Certain observations on the international application 

a. Certain features of claim 1 ("ratio of iron oxide ranges between 2 and 30% by 
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weight"), claim 2 ("with residence times ranging between 1 and 24 h", "wjt h contro l 
o f the chromaticity coordinates of the obtained pigmen t") and the features of 
claims 16, 17 and 20 as a whole is not referred to in the description. Claims 1 , 2, 
16, 17 and 20 are therefore not supported by the description as required by Article 
6 PCT. 

/ b. Claims 9 and 10 are unclear with regard to the word "optionally", as it is not clear 
whether the feature following the word "optionally" is a characterising feature of 
the embodiment claimed in the respective claim or not. Should the v/ording remain 
unamended, a novelty objection may be raised for said claims, because then the 
subject-matter of claims 9 and 10 is not distinguishable from the subject-matter of 
claim 1 (which is not novel). 

/ c. Claim 1 3 is not clear, because the emphasising effect of "use of the micro silica" 
implies that the use of a certain micro silica material is envisaged; such a material 
is not defined, neither in the claim nor in the description. 

/ d. It is not clear what the letter "X" is standing for on p. 2 I. 25 of the description. 
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BLASCO FUENTES, Antonio 
Avda. Capuchinos, 6 
12004 - Castellon 
Spain 



State tthat is, country) of nationality: 
SPAIN 



State ( that is, country) of residence: 
SPAIN 



X| Further applicants aie indicated on a continuaiion sheet. 



Fom PCr/IPEA/401 (first sheet) (July 1998) 
EL728214725US 



See Notes to the denumd form 



Sheet No. 2. 



I Intemati nal application No. 
PCT/ES99/00060 



Coiitiiiuation f Box No. II APPLICANT(S) 



Ifnone of tht foOowing sub-boxes is used, this sheet should not be included in the demand. 



Name and address: ( Family nnmefoliai^ by given name: for a Ugalentii^^^ Tfu address must include pastai code and i 

NEGRE MEDALL, Francisco 
Avda. Hermanos Bou, 27-6QC 
12003 - Castellon 
Spain 



of country.) 



State (that is, country) of nationality: 
SPAIN 



State (that is, country) of residence: 
SPAIN 



Name and address: (Famity name Joliawedlr^ given name: for a legai entity, fidtcffi Vie address must include postal code and n 

BELTRAN PORCAR , Vicente 
C/ Ciscar, 31-8QA 
12003 - Castellon 
Spain 



ettf country.) I 



State (that is, country) of nationality: 
SPAIN 



State (that is, country) of lesideoce: 
SPAIN 



Name and address: ( Family name followed by given nasne: for a Ugal entity. M^m^ The address must include postal cotU and name of country J 

CERVANTES RODRIGUEZ, Benito 
Pza. Doctor Maranon, l-8eA 
12005 - Castellon 
Spain 



State (that is, country) of nationality: 
SPAIN 



State (that is, country) of residence: 
SPAIN 



Name and address: fFandty name followed by given name: for a legal entity, full officiai designation. The address must include postal code and noma ttf country.)] 



State (thtu is, country) of nationality: 



State ( that is, country) f residence: 



I Further applicants are indicated on another continuation sheeL 



FonnPCT/IPEA/40i (continuaiion sheet) (July 1998) 



See Notes to the demand form 



Sheet No. .3. 



5 



International applicati n No. 
PCT/ES99/00060 



Box No. m AGENT OR COMMON REPRESENTATIVE; OR ADDRESS TOR CORRESPONDENCE 



The following person is [x] agent [~] common representative " 

and [3 has been appointed earlier and reprcsems the applicant(s) also for international preliminary examination. 

n is hereby appointed and any earlier appointment of (an) agent(s)/common represoitative is hereby revoked. 

Q is hereby appointed, specifically for the procedure before the International Preliminary Examining Authority in addition to 
the ageQt(s)/conunon representative appokited earlier. ^uuiuiiiy, m aoamon to 



Name and address: (Familv name followed by given amne; far a legal emitv. fuU official designation. 
The address must include postal code and name of country. I 

ELZABURU MARQUEZ, Alberto 
Miguel Angel, 21 
28010 - Madrid 
Spain 



Telepbooe No.: 

91 700 94 00 



Facsimile No.: 

91 319 38 10 



Tclqmnter No.: 



I I corre^jwdaice: Ma^ this check-box where no aeent or common representative is/has beeo apDointed a^T^ 

I — \ space above IS used mstead to mdicate a spe cial address to which conespondenceshotild be sent. appomiea and tbe 

Box No. rv BASIS FOR INTERNATIONAL PR ELIMINARY EXAMINATION 
' Statement concerning amendments:* 

1. The applicant wishes the internationaJ preliminary exanunation to start on the ba^ 
the interaationai application as originally Hied 
the description ^] as originally filed 

I I as amended under Axticle 34 

the claims ^] as originally filed 

as amended under Aiticle 19 (together with any accompanying statement) 
I I as amended under Aiticle 34 

the drawings as originally filed 

\ I as amended under Anicle 34 

! 2. The appUcant vidshes any amendment to the claims under Article 19 to be considered as reversed. 

3. Q The appUcant wishes the start of the international preUminary examination to be postponed until the expiration of 20 months 
from the priority date unless the International Preliminary Examining Authority receives a copy of any amendments made 
under Article 19 or a notice from the applicant that he does aot wish to make such amendments (Rule 69.1 (d)). (This check- 
box may be marked only where the time limit under Article 1 9 has not yet expired. ) 
Where no check-box is mariced, international preliminary examination wiU start on the basis of the intftrT.i.rir.nat application 

"!?"^J^"r^a?*°'''*'*^??°Py°^^"'*™"**^***^^*^"^ ^9 and/oramcndm«itsoftfie international ^Ucation 

under Article 34 are received by the International Pteliminary Examining Authority before it has begun to draw up a writtenoc^ n 
or the intemanonal prehminary examin ation repeat, as so amended. "«iopuu n 

Language for the purposes of international pretUnary examination: English " 

□ 

which is the language in which the international application was filed. 

□ 

which is the language of a translation furnished for the purposes of international search 
which is the language of publication of the international application 

language of the translation (to be) furnished forthe purpcses of international preliminary examination. 
Box No. V ELECTION OF STATES ~ ' 

^ /ct^^* ^^^^ ^ «l«8»We States {that is, all States which have been designated and which are bound by Chapter Ji of 

excluding tbe following States which the applicatt wishes n t to elect: 



FormPCT/IPEA/401 (second sheet) (July I998> 



See Notes to the demand form 



Sheet No. 



Intemational applicad n N 
|PCT/ES99/00060 



Box No. VI CHECK LIST 



The demand is accompanied by th following elements, in the language rcfened to in 
Box No. IV, for the purposes of international preliminary examination: 



1. translation of intemational application 

2. amendments under Article 34 

3. copy (or. where required, translation) of 
amendmrats under Article 19 

4. copy (or, where required, translation) of 
statement under Article 19 

5. letter 

6. other (specify) 



sheets 
sheets 

sheets 

sheets 
sheets 
sheets 



The demand is also accompanied by the item(s) marked below: 

1. I x\ fee calculation sheet 

2. I I separate signed power of attorney 

3. I [ copy of general power of attorney; 
reference number, if any: 



For Jntematioiial Pteliminary 


Examining Authority use only 


received 


not received 


n 


□ 


□ 


□ 


□ 


n 


□ 


n 


□ 


□ 


□ 


a 



I I statement explaining lack of signature 

5- j j nucleotide and or amino acid sequence listing in 
7""^ computer readable form 

Additional 



6. fx] (specify)'. 



representatives 



BoxNo. Vn SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE 



Nejutaeach signaiure, ^<^t}unamecf the penon signing and the capacity in wh^ 




For Intemation^ Preliminary Examming Authority use only 
1. Date of actual receipt of DEMAND: 



2 Adjusted date of receipt of demand due 
toCORRECnONS under Rule 60.1(b): 



3. I I TJiedateofrecciptofthedemandis AFTER the expiration of 19 months i 1 

■ — I from the priority date and item 4 or 5, below, does not ^ply. i 1 



The applicant has been 
informed accordingly. 



^ □ SfeM^s"^ °^ WmHN the period of 19 months ftom the priority date as extended by virtue of 



For International Bureau use only 



I>einand received &x)m IPEA on: 
FoTmPCT/IPEA/401 Oast sheet) (July 1998) 



See Notes to the demand form 



PCX 



CHAPTER n 



' Interactional 
application No. PCT/ES99/00060 



FEE CALCULATION SHEET 
Annex to the Demand f r internatjonal pr pliminflr y CTamina ri^p 

• For Intemational Preliminary Examining Authority use only 



Applicant's or agent's 
file reference PCT— 50 



Applicant 



Date stamp of the IPEA 



ITACA, INNOVACIONES TECNICAS APLICADAS 
A CERAMICAS AVANZADAS , S.A. 



Calculation of prescribed fees 



1 . Preliminaiy examination 



fee I EUR 1,533 



2. Handling fee (Applicants from certain States are 
^ied to a reduction of 75% of the handling fee. 
Where the applicant is (or all cmplicants are) so en- 
dtled, the amount to be entered at H is 25% of the i 
handling fee,) I 



EUR 148 



3. Total of prescribed fees 

Add the amounts entered at P and H 
and enter total in the TOTAL box 



EUR 1,681 



TOTAL 



Mode of Payinenft 

nri authorization to cl 
1^ I account with the 1 

I I cheque 

I I postal money order 

I I bankdiait 



deposit 
(see below) 



I [ cash 

I I revenue stamps 

I I coupons 

I I other (specify): 




Deposit Account Authorization (this mode of payment may not be available at all fPEAs ) 

The IPEA/ EPQ fx] hereby authorized to charge the total fees indicated above to my deposit account 



(this check-box tnay be marked only if the conditions for deffosit] accounts of the iPEAAf permit) is herebv 
L-^ authorized to charge any deficiency or credit any oveqEaj^ent in the t tal fdbs indicated above to 
my deposit account. ' \ '/ T*^ owvc lo 



7R1 9nnnp 



Deposit Account Number 



6 Qci-obei- 2QQQ 
Date (day/month/year) 



Signature 




FormPCT/IPEA/401 (Annex) (July 1998) 



lee Notes to th^Jo^t 



ion sheet 



ADDITIONAL REPRESENTATIVE ( S ) 



ADDITIONAL SHEET PERTAINING TO INTERNATIONAL 
PATENT APPLICATION N° PCT/ES99/00060 OF 10 
MARCH 1999 IN THE NAME OF ITACA, INNOVACIONES 
TECNICAS APLICADAS A CERAMICAS AVANZADAS, S.A. 
ADDITIONAL REPRESENTATIVES 




Jose M^ Alvarez 



ALL WITH PROFESSIONAL PRACTICE AT MIGUEL ANGEL 
N2 21, MADRID, SPAIN 



PCT 



PETITORIO 



El abajo firmante pide que la presence solicitud 
intemacional sea tramicada de confonmidad con el 
Tratado de Cooperacion en materia de Patentes. 



m 



Para uso de la <j^H& receptora iifl^^P'^ 



Solicitud intemacional N' 



Fecha de presentacion intemacional 



Nombre de la Oficina receptora y "Solicitud intemacional PCT' 



Referencia al expediente del soiicitante o del mandatario ^sise desea) 
fcomomaximo. 12 caraaeresj 



Recuadro N- I TITULO DE LA INVENCION " PIGME 
HIERRO Y PROCEDIMIENTO DE FABRICAi 


NTOS A BASE DE SI LICE Y OXIDO DE 
CION DE LOS MISMOS" 


Recuadro N» II SOLICITANTE 


Nombre y dtrecci(3n: (Apellido seguido del nombre: en el caso de una persona Juridica, la 
desjgnacion oficial completa. En Ta direccion deben figurar el codigo postal y elnombre del 
pais. El pats de la direccion indicada en este recuadro es el Estado de domicilio del 
soiicitante si no se indica mas abajo el Estado de domicilio,) 

ITACA, INHOVACIONES TECNICAS APLICADAS 
A CERAMICAS AVANZADAS, S.A. 
Partida Rambleta s/n 
12191 - Puebla Tornesa 
Castellon , Espana . . 


j 1 Esta persona estambien 
' un inventor. 


N»deteiafono 


N**defacstmil 


N'deteleimpresora 


Estado de nacionalidad: „ 

ESPANA 


Estado dc domicilio: ' ^ ' 
ESPANA 


Esta persona es r— i todoslosEstados (~] todos los Estados dcsignados saJvo 1 1 los Estados Unidos dc | 1 los Estados indicados en cl 

soiicitante para: | | dcsignados IX 1 los Estados Unidos dc America 1 1 America unicamente L_l recuadro suplemcntano 


Recuadro N' III OTRO(S) SOLICITANTE{S) Y/O (OTRO{S)) INVENTOR(ES) 


Nombre y direccion: (Apellido seguido del nombre: en el caso de una persona juridica, la 
designacion oficial completa. En ta direccion deben figurar el codigp postal y elnombre del 
pais. El pais de la direccion indicada en este recuadro es el Estado de domicilio del 
soiicitante si no se indica mds abajo el Estado de domicilio.) 

BAGAN VARGAS, Vicente 
C/ Mendez Nunez, 23-2QB 
12002-Castell6n, Espana 


Esta persona es: 

I 1 soUcitante unicamente 

1 Xj soiicitante e inventor 

1 1 inventor unicamente 

* ' (Sise marca esta casilla, no 

se debe rellenar loque sigue.) 


Estado dc nacionalidad: .... . 

ESPANA 


Estado de domicilio: 

ESPANA 


Esta persona es i i lodoslos Estados r | lodos los Estados dcsignados salvo 1 1 los Esudos Unidos de 1 1 los Estados indicados cn cl 

soiicitante para: i i dcsignados |_J los Estados Unidos de America 1 Xl America uhicamehte L 1 reciiadro suplementario' 


[ X 1 Los demas solicitantes y/o (demas) inventores se indican en una hoja de continuacion.. 


Recuadro N» IV MANDATARIO O REPRESENTAiNTE COMLN; O DIRECCION PARA LA CORRESPONDENCIA 


La persona abajo identificada se designa/ha sido designada para actuar en nombre del/ r— i 

1 r •* \ / X * 1 J • ■ ■ • . XI mandatano | | representante connun - 
de los solicitante(s) ante las admmistraciones intemacionales competentes como: I J U— J 


Nombre y direccidn: (Apellido seguido del nombre: en el caso de una persona juridica. la 
designacion oficial completa. En la direccidn deben figurar el codigo 
postal y el nombre del pais.) 

EL.ZABURU, Alberto de 
C/ Miguel Angel, 21 
28010 Madrid, Espana , 


N'detclifono 

(34-91) 700-94-00 


N^defacsimil 

(34-91) 319-38-10 


N** de teleimpresora 
22341 Elza E 


1 1 Direccion para la correspondcncia: Marquese esta casilla cuando no se designe/se haya designado ningun mandatario o representante 
l_J comun y el espacio de arriba se utilice en su lugar para indicar una direccion especial a ta que deba enviarse la corfespohdencia. 



Fomiulario PCT^O/IOI (primera hoja) QuWo de 1998) 

EL728214725US 



Vianse las Notas ql formulario del petitorio 



Hoja N" 



2 



Contmuad n del recoadro in OTROS SOUCITANTES Y/O (OTROS) INVENTORES 


5t nose hade uHIizar ninguno de estos subreezuxdros^ esta hoja no debe ser utcluida en el petHoria, 


Nomhre y diieccxdn: (Apaiido setutao d£l ncmm: en tl caso d£ una otnona juridica, la destmaaen otictai 
c omptexa. En la direcctdn deben n^urar et cddigo poxsal y tl namort dei pais. El pais d£ la direction uidicada en 
esu recuaaro ts el Estada de domkxiio dei solicaame si nose tndica mas abofo el F^t"^ de dotntciiio, t 

BLASCO FUENTES, Antonio 
Avda. Capuchinos , 6 
12004-Castell6n , Espaiia 


csia persona es. 

1 1 solxcitante umcamexue 

|x 1 solicitante e inventor 

1 1 inventor iiniramrme 
*— ' {Si se marea esta easiUa, no 
se debe reUenar la qtte sigue,) 


Estado de nacionalidad: » 

ESPANA 


Estado de donucilio: 


ESPANA 




Nombre y direcadn: (Apeiiido segtddo dei ttantre: eneicasodemaoenonafuridka, ladesiiraddnofkM 
compieta. piladirecaandebenfigurardcddigopostai\dnombndeipa^ Eipaisdeladireccuma^kaiaen 
este recuadro es el Estado de damuaiio del soUcaottte sinnsm adira max aht^ ml Frf^f» ^i^i^ti^ f 

NEGRE MEDALL, Francisco 
Avda. Hermanos Bou, 27-6ec 
12003-Castell6n , Espana 


Esta persona es: 

1 1 solicitantf! uotcaiDaue 

1^ 1 soiicitame e investor 

[ I inventor iime^wnemt 
^—^ (Si se marca esta easiUa, no 
se debe reiiaiar io qsse sigue, > 


ESPANA 


Hstado de domidlio: 


ESPANA 


Esta pcisona es 1— f todoslosEstados 1 1 todosksEsuBcksignadGssalvoks r~[Io$ Estate Unidos de 1 1 los Esodos indicados en el 

soliatante para; I [dcngiudas | | EsadosLnidcsde^^^ Ud Ai-SSiSaSS □tSmSlSSSS) 


Nombre y direcada: (Apeiiido setuido dei nomhre: en ei caso <U una versona turidica la desiputctdn ondai 
compieta. En la direcctdn amn npirareicddi^ postal v el nomoreaeivaxs. El pais de la direcctdn tndicada en 
este recuadro es el Esuiaaaeaomtcuio dei soUdtanie SI nose tndica mas abajo el Estado dedomicUioLt 

BELTRAN PORCAR, Vicente 
C/ Ciscar, 31-8QA 
12003-Castell6n , Espana 


Esta persona es: 

1 1 solicitante utxicamente 

1^ 1 solicitante c inventor 

1 1 inventor unicamente 

^ (Si se marca esta casiila, no 
debe reUenar lo que sigue.) 


Escado de nacionalidad: . 

ESPANA 


Estado de domiaiio: 


ESPANA 


^i^^IJ*1f,«. 1 ["^«l<»Estados 1 [ ^otoksEsaoatksignadcBalvote f—lJos Esudos Unidos de | 1 los Esodos iodicados en el 

sobatante para: |_J dmgnanm | | EstaoasLmaasdeAnmca IxJ Aineho linicaniente 1 1 recnMOsiipleroeataho 


Nombre y dixecodo: iAoeuido leruido del nombre: en ei caso ae una oersona juridica, la desifmscwn onaai i 
compieta. En la direcctdn aeoen n^uraretcodigo postal yeinomareaetDois, El pais de la direcctdn matcada en 
este recuadro es ei Estado de domiciiio del solicaanu si nose vmca mas abofo ei Estado de domwiiia. » 

CERVANTES RODRIGUEZ, Benito 
Pza. Doctor Maranon , 1-8QA 
12005-Castell6n , Espana 


Esta persona es: 

1 1 solicitante unicamente 

be 1 solicitante c inventor 

1 1 inventor unicamenie 
^—1 (Si se marea esta casiUa, no 
se debe reiienar io que sigue.) 


Estado de nacionalidad: 

ESPANA 


Fsrario de donuciu : 


ESPANA 



soiicaiante para: I i dragn«tos 



r~i todos los Estados r~\ todosksEsooasdoistakssaivolos 



EsadtsLaoBdeAnnca 



Tos Esxados Unidos de 



□ 



los 



Los dem^ solicitanies v/o (demasl inventores se igoiean otra hnja rfi> ro «»t>tt»^.^ 



Rccuadro V DESIGNACION DE 



HojaN'* . . . 3 . . 



DOS 



A continuacionsehacen lasdesignaci nessiguientes en virtud de laRegla 4.9.a) (marqiteiiselasmvUmacieciindn^: debemarcxirzeporlomenostma): 
Patente regional 

B AP Patente ARIPO: GH Ghana, GM Gambia, KE Kenya, LS Lesotho, MW Malawi, SD Sudan, SZ Swadlandia, 
UG Uganda, ZW Zimbabwe, y cualquicr otr Estado contraiantc del Protocolo dc Harare y del PCX 

Bn EA Patente Euroasiitica: AM Amnenia, AZ Azerbaiyan, BY Belarus, KG Kirguistan, KZ Kazakstan, MD Republica 
dc Moldova, RU Fcderacion de Rusia, TJ Tayikistan, TM Turkmenistan, y cualquier otro Estado contratante del 
Convenio sobre la Patente Euroasiitica y del PCT 

BTI EP Patente Europea: AT Austria, BE Belgica, CH y LI Suiza y Liechtenstein, CY Chiprc, DE Alemania, DK Dinamarca, 
ES EspaAa, FI Finlandia, FR Francia, GB Reino Unido, GR Grecia, IE Irlanda, IT Italia, Ltf Luxemburgo, 
MC Monaco, NL Paises Bajos, PT Portugal, SE Suecia, y cualquier otro Estado contratante del Convenio sobre la 
Patente Europea y del PCT 

E OA Patente OAPI: BF Burkina Faso, BJ Benin, CF Republica Centroafricana, CG Congo, CI Cote d' I voire, CM Camerun, 
GA Gabon, GN Guinea, ML Mali, MR Mauritania, NE Niger, SN Senegal, TD Chad, TG Togo y cualquier otro Estado 
que sea Estado miembro de la OAPI y que sea un Estado contratante del PCT (si sedej^ea otra forma de proteccion o de 

tramitacion, especifiquese en la Itnea de puntos) 

Patente nacionai (sisedeseaotraformadeproteccionode tramitacion, especifiquese enlalirteadepimtos) : 



Q 
B 
GO 

B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 

@ 

□ 
B 
£] 
B 
B 

£] 

Q 
Q 
C3 



AL Albania C9 

AM Annenia Q 

AT Austria Gcl 

Australia Gcl 

Azerbaiyan 

Bosnia y Herzegovina Ea 

Barbados Q 

Bulgaria 

Brasil B 

Belarus 

Canada B 
CH y LI Suiza y Liechtenstein 

CN China B 

Cuba B 

Republica Checa B 

Alemania B 

Dinamarca H 

Estonia H 

EspaAa Q 

Finlandia H 

Reino Unido B 

Georgia H 

Ghana B 

GM Gambia 0 

GW Guinea-Bissau B 

HR Croacia H 

Hungria a 

Indonesia 

Israel H 

Islandia S 

Japon 

Kenya Q 

Kirguistan 

Republica Popular Democratica de Corea 



AU 
AZ 
BA 
BB 
BG 
BR 
BY 
CA 



CU 

CZ 

DE 

DK 

EE 

ES 

FI 

GB 

GE 

GH 



HU 

ID 

IL 

IS 

JP 

KE 

KG 

KP 



LS Lesotho 

LT Tituania 
LU Luxemburgo 
LV Letonia 

MD Republica de Moldova . 



MG Madagascar 

MK Ex Republica Yugoslava de Macedonia 



MN Mongolia 

MW Malawi 

MX Mexico 

NO Nomega 

NZ Nueva Zelandia 

PL Polonia 

PT Portugal , 

RO Rumania 

RU Fcderacion de Rusia 

SD Sudan 

SE Suecia 

SG Singapur 

SI Eslovenia 

SK Eslovaquia 

SL Sierra Leona 

TJ Tayikistan 

TM Turkmenistan 

TR Turquia 

TT Trinidad y Tabago 

UA Ucrania 

UG Uganda 

US Estados Unidos de America 



uz 

VN 
YU 



Uzbekistan . 
Viet Nam . . 
Yugoslavia 



ZW Zimbabwe 



KR 
KZ 
LC 
LK 
LR 



Republica de Corea . 

Kazakstan 

Santa Lucia 
Sri Lanka 
Liberia 



Casillas reservadas para designar Estados (a los fmes de una 
patente nacionai) que han pasado a formar parte del PCT despues 
de la publicacion de la presente hoja: 

□ . . 



Ademas de las designaciones arriba efectuadas, el solicitante efectuara tambien, en virtud de la Regla4.9.b), todas las 

designaciones que esten pemnitidas con arreglo al PCT, salvo la designacion o designaciones de . 

El sol icitante declara que esas designaciones adi cionales estan sujetas a confirmacion y que cualquier designacion que no se conftrme 
antes de que expiren tos 1 5 meses a partir de la fecha prioritaria se considerara retirada por el solicitante al expirar dicho plazo. ^La 
confirmacion de una designacion consiste en lapresentacion de un aviso en el que se especifiique dicha designacion, asicomo el pago 
de las tasas de designacion y confirmacion. La confirmacion debera Itegara la Oficina receptora dentro de ese plazo de 15 meses.) 



Formulario PCT/RO/IOI (segunda hoja) (julio de 1998) 



Veanse las Notas al formulario del petitorio 



Fecha de presentacion de la 
solicitud anceri r 



(dia/mez/aho) 



Punt (I) 



H jaN» 



Recuadro N* VI REIVINDlCACIOr^^P>RIORIDAD HI Seindicanoirasmvindicacl^Jlprioridadenclrecuadfosuplemm 



Numero dc la 
solicitud anterior 



Si la solicitud anteri r es: 



solicitud nacional: 
pais 



solicitud regional:* 
Oficina regional 



solicitud intemacionai: 
oficina recept ra 



Punto (2) 



Punto (3) 



I I Se mega a la Oficina receptora que prepare y transmita a la Oficina Intemacionai una copia cenificada de la solicitud anterior/de las solicitudes 
anteriores (solo si la solicitud anterior ha sido presentada ante la oficina qut o'lds'/mj dU'la presente solicitud intemacionai es la oficina 
receptora) identiricada(s) supra conYO punto o puntos: 

* Si la solicitud anterior es una solicitud ARIPO. se indicard en el recuadro suplementario por lo menos a un Estado miembro del Convenio de Parts 
para la Proteccion de la Propiedad Industrial para el que ha sido presentada la solicitud anterior (Regla 4. 1 0. bjiijj. Yease el recuadro suplementario. 



Recoadro N' VII ADMINISTRACION ENCARGADA DE LA BUSQUEDA INTERJ^ACIONAL 



Eleccion de la Administracioo encargada de la 
busqueda intemacionai (Si dos o mds Administraciones 
encargadas de la busqueda intemacionai son campetentes 
para efectuarla btisqueda intemacionai, indiquese el nombre 
de la Administracidn elegida: se puede utilizar el codigo de 
dosUtras}: ISA/ ES 



Petici6o pira que sc utiliccD los resultados de la busqueda aatcrior; refcreocii a csa 
busqueda fsi una busqueda anterior ha sido realiiadapor o pedida a la Administracidn 
encargada de la busqueda intemacionai): 

Fecha (dia/mes/ano)\ Numero: Pais (u Oficina regional): 



Recuadro VIII LISTA DE VERIFICACION; IDIOMA DE PRESENTACION 



La presente solicitud intemacionai 
contiene el siguiente numero de hojas: 
petitorio 4 

descripcion (excepto la pane 
de la lista de secuencias) 

reivindicaciones 

resximen 

dibujos 1 

parte de la lista de secuencias 
de la descripcion 

Numero total de hojas : j^g 



7 
3 
1 



La presente solicitud intemacionai esta acompaAada de los documentos que se identifican 
a continuacion: 



declaracion que explica la ausencia de una fimia 



lista de secuencias de nucleotidos y/o aminoacidos en fomiato legible por ordenador 

9. g otrosr«pect/?yu«g;: justifxcante paqo de tasas. 



1. 




2. 


El 


3. 


□ 


4. 


□ 


5. 


□ 


6. 


□ 


7. 


□ 


8. 


□ 


9. 


53 



Figura de los dibujos que 
debe acompanar el rcsumen: 


Idioma de presentacion de la i 

solicitud intemacionai; tspanoJ. 


Recuadro N» IX FIRMA DEL SOLICITANTE O DEL iMANDATARlO 



Junto a coda una de las firmas, indiquese el nombre de la persona que Jirma, asi como su calidad (si dicha calidad no es evidente por lectura del 
petitorio). 




Para la Oficina receptora unicamente 



1. Fecha efectiva de recepcion dc la 
pretendida solicitud intemacionai: 



3. Fecha -efectiva dc recepcion, rcctificadaen razon de la recepcion 
ulteri.;: aero dentro del plazo. de documentos o de dibujos que 
compiccen la pretendida solicitud intemacionai: 



4. Fecha de recepcion, demro del plaz . dc las correcciones 
solicitadas segun el Articulo 1 1 .2) del PCT: 



2. Dibujos: 
I I recibidos: 



□ 



no recibidos: 



5. Administracidn de busqueda intemacionai 
especificada por el solicitante: 



ISA/ 



6. 



□ 



Transmision de la copia para la busqueda diferida 
hasta que pague la tasa de busqueda. 



Para uso dc la Oficina Intemacionai unicamente 



Fecha de recepcion del ejemplar 
original por la Oficina Intemacionai: 



Fonnulario PCT/RO/IOI (ultima hoja) (jxiWo de 1998) 



yeanse las Notas al /ormulario del petitorio 



Esta hoja no forma pjm^e la solicitud iniernacional y no cuenta una de sus hojas. 



PCX 

HOJA DE CALCULO DE TASAS 
Anex al petitorio 



Refercncia al expediente del 
solicitaxite o del mandatario 



PCT-50 



, Para uso de la Oflcina receptora unicamente , 



Solicitud intemacional 



Sello con la fecha de la Oficina receptora 



Soticitante 

ITACA, INNOVACIONES TECNICAS APLICADAS A CERAMICAS 
AVANZADAS, S*A. 



CALCULO DE LAS TASAS PRESCRTTAS 
I. TASA DE TRANSMISION 



i 10,0 



40 



ISA/ES 



TASA DE BUSQUEDA . . : . 
Busqueda intemacional a efectuar por 

(Sidos o mas Adminutraciones encargadas de fa busqueda intemacional son competentes 



76.520 



respecto de la solicitud iniemacionaL indiguese el nombre de la Administracion elegida 
para rea/izar la busqueda intemacional.) 

TASA INTERNACIONAL 

Tasa de base 25 

La solicitud intemacional contiene . 



hojas. 



30 primeras hojas 



hojas siguientes 



cantidad adicional 



68.000 



J3 



AAadir las cantidades de las casillas y . 

e tnscribir el total en la casilla B I 68.000 



H] 



Tasas de designacion 

La solicitud intemacional contiene designaciones. 
10 ^ 16.000 



160.000 



numero de tasas de designa- importe de la casa de designacion 
cion pagaderas^mcLr/mo / /) 

AAadir los importes inscritos de las casillas B y D 

e inscribir el total en la casilla I 

(Los solicitantes de ciertos Estados tienen derecho a una reduccion del 75% de la tasa 
intemacionat Si el soiicitante tiene (o todos los solicitantes tienen) tal derecho, 
deberd(n) inscribir en la casilla I el 25% del total de las cantidades inscritos en las 
casillas ByD) 

4. TASA POR UN D<X:UME>rrO DE PRIORJDAD r5/Aerc ^p/icflWe; . . . 

5. . TOTAL DE LAS TASAS PAGADERAS 

AAadir las cantidades inscritas en las casillas T, S, 1, y P 

e inscribir el resultado en la casilla TOTAL 



228.000 



314.560 



TOTAL 



\ I Las tasas dc designacion no se pagan en este momento. 



FORMA DE PAGO 



□ autorizacion a cargar a la cuenta 
de deposito (vease infra) 

I { cheque 
I I giro postal 



□ 
□ 



giro bancario 
cfectivo 

tinnbres fiscales 



I I cupones 

I I otros (especijiquese): 



AUTORIZACION RELATIVA A UNA CUENTA DE DEPOSITO (este mododepogopuedenoesrardisponible en todos las Oficinasreceptoras) 
La Oficina receptora/ | | csia autorizada a cargar a mi cuenta dc deposito el total de las tasas indicadas anteriomicnte. 

esta autorizada a cargar a mi cuenta de deposito lod importe que falte o a abonar lodo excedente en 
el pago del total de las tasas indicadas anteriomiente. 

esta autorizada a cargar a mi cuenta de deposito la tasa para la preparacton y la transmision del 
documento de priondad a la Oficina Intemacional de la OMPI. 



□ 
□ 



Numero de la cuenta de dep6sito Fecha (dia/mes/ano) 



Firma 



Fomiulario PCT/RO/IOl (Ancxo) (julio dc 1998) 



Veanse las Sotas relativas a la hoja de cdlculo de tasas 



AUTORIZ ACION 



Los que suscriben VICENTE BAGAN VARGAS, ANTONIO BLASCO 
FUENTES, FRANCISO NEGRE MEDALL, VICENTE BELTRAN PORCAR, y 
BENITO CERVANTES RODRIGUEZ, con domicilio a efectos de notificaciones en 
Panida Rambleta s/n, 12191 Puebla Tornesa, Castellon, autorizan indistintamente a D. 
Alberto de Elzaburu, D. Fernando de Elzaburu, D. Alfonso Diez de Rivera Elzaburu o 
D. Antonio Tavira Montes-Joveliar, Agentes de la Propiedad Industrial, con domicilio 
profesional en calle Miguel Angel N° 21, 28010 - Madrid, con facultad de delegar el 
encargo, para que, en su nombre y representacion, firmen cuantas instancias, 
declaraciones y documentos presenten ante la Oficina Espanola de Patentes y Marcas, los 
modifiquen, reformen, renuncien o desistan ; recurran contra las resoluciones o acuerdos 
que recaigan y para que retiren los titulos y notificaciones a cuya expedicion den lugar , 
todo ello en relacion con la solicitud de Patente Internacional, por : 

PIGMENTOS A BASE DE SILICE Y OXIDO DE HXERRO Y PROCEDI- 
MIENTO DE FABRICACION DE LOS MISMOS - 

Y cuanto mas sea necesario hacer en cualquier tiempo, de conformidad con las 
instrucciones que al efecto puedan series comunicadas. 

Firmadoen PUEBLA TORNESA, A 25 




Francisco Negre Medall 



AUTORIZACION 



La que suscribe ITACA, INNOVACIONES TECNICAS 



APLICADAS A CERAMICAS AVANZADAS, S A. con domicilio en 
Partida Rambleta s/n, 12191 Puebla Tornesa, Castellon, autoriza 
indistintamente a D. Alberto de Elzaburu, D. Fernando de Elzaburu, 
D. Alfonso Diez de Rivera Elzaburu o D. Antonio Tavira Montes- 
Jovellar, Agentes de la Propiedad Industrial, con domicilio profesional 
en calle Miguel Angel N° 21, 28010 - Madrid, con facultad de delegar el 
encargo, para que, en su nombre y represent acion, firmen cuantas 
instancias, declaraciones y documentos presenten ante la Oficina 
Espanola de Patentes y Marcas, los modifiquen, reformen, renuncien o 
desist an ; recur ran contra las resoluciones o acuerdos que recaigan y 
para que retiren los titulos y notificaciones a cuya expedicion den lugar, 
todo ello en relacion con la solicitud de Patente Internacional, por : 

PIGMENTOS A BASE DE SILICE Y OXIDO DE HIERRO Y 
PROCEDIMIENTO DE FABRICACION DE LOS MISMOS. 

Y cuanto mas sea necesario hacer en cualquier tiempo, de conformidad 
con las instrucciones que al efecto puedan series comunicadas. 



SR. VICENTE BELTRAN 
ACEPTO ESTA AUTORIZACION CONSEJERO DELEGADO 



Firmado en PUEBLA TORNESA, A 




de FEBRERO de 199 9 
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FAX N*' 00 49 89 2399 4465 

Re : International Patent Application N° PCT/ES99/00060 

Reply to written opinion according to Rule 66 PCT 

1 Amendments 

New pages are enclosed herewith in response to the above opinion. The amendments made 
are detailed as follow: 

Page 2, line 29: "X" letter has been removed (see Re Item VIII d. of the written opinion) 
Page 3, line 21: the range of iron oxide exactly as disclosed in claim 1 of the application as 
formerly filed has been introduced (see Re Item VIII a; of the written opinion). 
Page 3, line 32: uses of the pigments as disclosed in claims 16 and 17, and the chromatic 
coordinates of porcelain stoneware, as disclosed in claim 20, of the application as formerly 
filed, have been introduced (see Re Item VIII a.). 

Page 5, line 10 the residence time as disclosed in claim 2 of the application as formerly 
filed, has been introduced (see Re Item VIII a.). 

Page 5, line 22: Steps f) and g) of the patented process, as disclosed in claim 2 of the 

application as formerly filed, have been introduced (see Re Item VIII a.). 

Page 8, claim 1: the term "... or fumed silica" has been removed (see Re Item V). 

Page 8, claim 2: Raw materials have been restricted to those contaming microsilica and iron 

oxide (see Re Item V). Support for that amendment exists in various paragraphs of the 

specification as formerly filed (pages 3-4, examples 1-4 and the abstract supplied). 

Page 9, claims 9 and 10: the term . .optionally . . has been removed (see Re Item VIII b.) 

Page 9, claim 13: the term "...the..." has been removed (see Re Item VIII c). 

Amendments made, in our opinion, do not contravene Article 19(2) and 34(2)(b) because 
the new paragraphs introduced into the description have all been taken fi-om the text of the 

Elsabum S A 

fell)^£S^3£lti65US I««ri"i"f^rh*l2\l6*t9^^^^ Miguel Angel. 2 1 

iuiiJWifirOi4«i«tto6<Ji-^u EU.baru y AMci.do. s c 28010 Madrid 
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KLZABURU 



claims as formerly filed, in order to meet Article 6 PCT, and the terms removed did not 
broaden the content of the specification as formerly filed but, by the contrary, restrict the 
scope sought. 



Re Item V 2) Novelty (Article 33.1 and 2. PCT) 

With the amendments introduced, the application now covers pigments, the manufacturing 
process thereof, the uses of those pigments and ceramic products and porcelain stoneware 
containing those pigments, in which the pigment composition is no longer based on fumed 
silica. Dl discloses pigments in which haematite is included in a fumed silica matrix. D2 
discloses synthetic iron oxides obtained fi-om copperas by calcinations, using fumed and 
precipitated silica. Fumed silica is a pyrogenic silica obtained from silanes calcination. 
Fumed silica has a high specific surface (300-400 m2/g in Dl) and it is very expensive. The 
specific surface is a parameter which measures the reactivity of the silica. In the invention 
another type of silica (microsilica) is used, obtained as by-product of fumes in the 
manufacturing process of silicon and alloys thereof. Microsilica has surfaces much lower 
(0.015-20 m2/g) that fumed silica, being much cheaper as raw material. We enclose 
herewith extracts of articles published in the magazine Industrial Minerals, March and April 
1989, wherein in table 5, page 52 and in page 41 (table on the top), a comparison of surface 
area between both type of silica is shown. Also along the text a comparison between the 
manufacturing processes used for both type of silica are disclosed with the technical features 
derived from them applicable to each silica. The aim of the invention, therefore, it is to get 
an altemative pigment made of iron oxide included in a silica matrix, wherein the source of 
silica is microsilica. Pigments obtained are cheaper than the ones existing in the market 
containing silica from a source of fumed silica. That lower price value is due to the fact that 
the silica source comes from the recovery of a by-product, microsilica, and its use in the 
pigment manufacturing. Moreover Dl is silent about the amount of silica present in pigment 
composition. The application is restricted to a silica content range of 70-98%. That high 
range, if compare, for example with D2 (0.25-10%), which also uses as source of silica, 
fumed silica, is due to the particular chemical characteristics of microsilica, in particular, to 
its low specific surface. Moreover, the low silica content of D2 would not allow to keep 
stable the iron oxide during the use of the pigment in the manufacturing of ceramic 
stoneware, for example, when temperatures higher than 1 150*^0 are used. As matter of fact, 
D2 is restricted to calcinations temperatures ranging 718-871 °C. At temperatures over that 
range iron oxide is reduced with colour changing. Thus, Dl nor D2 disclose pigments with 
the composition of the invention, neither the source of silica was microsilica, but fumed 
silica, which, as explained, is a complete different chemical entity of completely different 
origin and with specific surface (reactivity) features distinguishable from microsilica. The 
invention therefore, it is a novel altemative to the existing prior art. 

Re Item V 3) Inventive Step (Article 33.1 and 3. PCT) 

The technical problem underlying the present invention is providing pigments of silica-iron 
oxide at cheaper price and with similar colour and stability features than the analogous 
pigments existing in the prior art. This problem is overcome by the present invention by the 
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use of microsilica as the silica source in a ratio of silica of 70-98 wt %. A person skilled in 
the art, by knowing the content of Dl or D2 or by combining the teachings of both 
documents would never arrive to the technical solution found in the invention, simply 
because both prior art documents use fumed silica as source of silica. Being that fumed 
silica of high reactivity (high specific surface) and expensive, the obvious solution to trap 
the iron oxide into the silica matrix to be formed at the cheapest possible price, would be to 
use the minimum of fumed silica in view of its high reactivity surface. The approach of the 
invention is precisely the opposite. In view of the fact that the microsilica is a by-product 
rather cheap, with a low reactivity surface, the silica content in the pigment is increased in 
order to assure the iron oxide stabilization during ceramic manufacturing involving very 
high temperatures processes. Thus the solution found in the invention would not appear as 
obvious to a man skilled in the art, by reading either Dl or D2 or both together in 
combination. Particularly important data to notice the non obviousness of the invention 
covered by the application can be found in Dl pg. 727 last paragraph and table 1. Colour, 
measured as L ranges in Dl 30-50, a similar range obtained with the invention. In a similar 
range also of calcinations temperatures (1000-1200 °C). But, as it is said in Dl, the stability 
pf pigments is evidently decreased when using silica having surface area lower than 300 
m2/g. As it has been shown in the article provided, microsilica has a surface much lower 
than fumed silica but, surprisely, by using as disclosed in the invention, renders similar 
colour and stability features, at similar calcinations temperatures, for manufacturing 
pigments of iron oxide. 

Obviously the process for obtaining a novel and inventive family of pigments, should be 
regarded as well as novel and inventive in all its variants. In a similar manner the use of 
those novel and inventive pigments and the ceramic products coloured with the aforesaid 
pigments, should also be regarded as novel and inventive. 

We respectfully enclose herewith new replacement sheets wherein amendments have been 
made. We kindly request to have the opportunity of submit further amendments and/or 
arguments, according to Rule 66.4.(b) PCT. 



ELZ AB URU 



Dr. Manuel lUescas 



Enclosures: New pages 1-10 of the Specification, (in triplicate with the confirmation of 
this fax). 

Copies of Industrial Minerals, 1987, pages 39 and 41 (April) and page 52 
(March). 
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PIGMENTS BASED ON SILICA AND IRON OXIDE AND PROCESS FOR THE 
lyiANUFAGTURE THEREOF 

Field of the Invention 
5 The present invention relates to the technical field of 

pigment manufacturing. Specifically, it deals with obtaining 
silica and iron oxide pigments useful in different 
industries and particularly in the ceramics industry. The 
silica component of these pigments would be obtained from 

10 microsilica or from fumed silica as the most characteristic 
feature of the invention. 
Description of the state of the art - 

The natural pigments, silica B iron, have been known 
since ancient times for their chromophore properties. 

15 Extensively used in ceramics for colouring the mass, they 
provide a colour within the range of ochre B browns B 
oranges B reddish, on being introduced in high ratios which 
range from 2 to 12% by weight. However, they essentially 
lack homogeneity due to variations in the physico-chemical 

20 characteristics of the deposits. 

Several efforts have been carried out trying to 
reproduce the features of this type of natural colorants, 
although these efforts have always come up against the 
limitation of achieving good quality products at a 

25 competitive cost relative to the market prices established 
for naturally occuring products. 

In the prior developments there are different attempts 
to reproduce this type of colorants based on wet reaction 
processes, obtaining a gel, Fe203, xSi02/ with a Fe203 content 

30 of 5 to 15% by weight, which must be submitted to a drying, 
calcination and milling process in order to obtain the 
product with an adequate quality. 

In US patent 3,005,724 (1961), the starting product is 
a colloidal silica as a silica source, and a source of iron 

35 oxide, preferably iron sulphate, obtaining a suspension 
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which is gelified by the addition of an alkaline solution. 
This gel is dried and calcinated at temperatures between 900 
and 14001 C and afterwards it is milled in order to obtain 
the pigment, 

5 On the other hand, there are patents in which fumed 

silica is used to improve the features of the iron oxide 
synthetic pigments. In these cases, low silica ratios 
between 0.25 and 10 % of Si02 by weight are used, and it is 
used to improve the flowability and the coloration of the 

10 pigments in comparison with the synthetic iron oxides. 

US patents 4,221,607 and 4,229,635, are disclosing 
processes for obtaining this type of iron oxide, starting 
from a solution of copperas as a source of iron oxide, to 
which a small proportion of silica is added (between 0.25 

15 and 10% by weight) to obtain the iron oxide pigments with 
improved properties after a drying and calcination process. 
In US patent 4,221,607, the addition of silica is carried 
out before drying and calcination and an iron pigment is 
obtained which behaves better in the calcination process, 

20 while in US patent 4,229, 635, the addition of iron is 
carried out after the calcination process and during a 
washing process of the colorant, before final drying and 
milling, obtaining a pigment with improved flowability. 

References have not been found to the use of 

25 microsilica for the manufacture of silica-iron oxide 
pigments . 

Brief description of the invention 

The object of the present invention was to obtain 
inorganic pigments of the silica-iron oxide, Fe203 and Si02 

30 system, using microsilica or fumed silica as the silica 
source, along with the process for industrial obtention of 
said pigment. The obtained pigments may have a of red B 
orange hue colouration, above all when used in the 
manufacture of ceramic products of low porosity such as 

35 porcelain stoneware. They are a competitive alternative, in 
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terms of quality and cost, to natural materials such as 
Thiviers stoneware, which are currently used. The 
presentation of the product is in the form of a micronised 
powder. The product can be incorporated into the base 
5 composition through a direct dispersion mechanism without 
the need for milling. 

Detailed description of the invention 

The colorants object of the invention consist mainly of 
mixtures of silicon oxide (silica), in ratios that range 

10 between 70 and 98 % by weight, and iron oxide, in different 
ratios, referred to a mixture of Si02 and Fe203. 

This invention uses microsilica or fumed silica as the 
silicon oxide source. Which is basically obtained as a by- 
product by condensation of the gases evolved during the 

15 process of manufacturing silicon metal (electric arc 
melting) and alloys of silicon and other metals. Said 
product is characterised by its high content in silica 
(greater than 90 % expressed as SiOa) and by its extremely 
fine particle size (around 100 nm) . 

20 As a source of iron oxide, red and/or yellow iron oxide 

(natural and/or synthetic) at ranges between 2 and 30% by 
weight can be used, or salts and/or complexes of iron that 
can be oxidised and/or decompose during the calcination 
process to provide iron oxide. 

25 Small quantities of additive can be added to these 

basic mixtures to improve the features of the colorant 
and/or to modify its coloration. 

The resulting colorants are pigments of a red-orange 
colour which can be used for colouring all sorts of 

30 materials, preferably ceramic materials, and specially 
ceramic masses that provide porcelain stoneware type low 
porosity ceramic materials. Particularly porcelain stoneware 
which show chromatic coordinates (Hunter-LAB) in the 
following ranges: L = 35-46, a = 10-18 and b = 7-11 are 

35 



obtained using those pigments of the invention. The pigments 
of the invention may be used, alone or in blends with other 
materials as integrant in the compositions or for the 
surface decoration of enamels, glasses, ceramics, cements, 
plastics, laminates, graphic inks and rubber. 

Depending on the composition, source of iron oxide, 
conditions of subsequent firing and treatment to which the 
colorant is submitted, a wide range of colours can be 
obtained within the red-orange tones. 

In essence, the silica provides a protective coating 
layer for the iron oxide particles, protecting against 
external aggressions such as temperature, atmosphere and/or 
attack by other compounds. This protective layer ensures 
that the iron oxide processed in this way, remains more 
stable during its use in ceramic compositions that are 
submitted to high temperatures during their manufacture. 

These colorants of silica-iron are obtained by 
calcination of mixtures of raw materials at high 
temperatures, forming a pigment with tridymite and/or 
crystobalite structure in which the iron oxide is 
incorporated with hematite structure. The tridymite or 
crystobalite are formed by calcination of the amorphous 
silica, obtaining a stable structure or another one, 
depending on the firing conditions and on the present 
additives and impurities - 

The different compositions of raw material can be 
prepared through dry or wet processes. In the dry process, 
the mixture of raw materials is carried out in a mill or a 
blender. The resulting mixture may optionally be granulated 
to facilitate its handling (transport, dosing...). In the 
wet process, a suspension in water of the raw materials is 
prepared by milling and dispersion, drying the mixture in an 
atomisation process, in which an agglomerated material 
suitable for subsequent processing is obtained. 
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These mixtures of raw materials, more or less 
agglomerated, may optionally pass through a prior drying 
stage, to then proceed to calcination (thermal treatment at 
high temperature in which the different physico-chemical 
5 transformations that convert the material into its finished 
state will take place) . Said calcination may be carried out 
in different oven types at temperatures comprised between 
800 and 13001 C, depending on the features of the silica, 
the source of iron oxide and the used additives, with 

10 residence times ranging between 1 and 24h. 

In some cases, a prior calcination may be effected, at 
a lower temperature to suitably prepare the raw materials 
for their subsequent reaction. In this stage, if necessary, 
the present organic material and the iron oxide are oxidised 

15 and/or the raw material acting as a source of iron oxide is 
decomposed - 

After calcination the product is submitted to a 
particle size reduction step to provide a more homogeneous 
colour. Said operation is preferably carried out in a dry 

20 milling installation, with dynamic classification which 
permits to assure that more than 99 % of the particles are 
smaller than 40 micrometers. The process concludes with 
final blending with control of the chromaticity coordinates 
of the obtained pigment and dosing and packaging. 

25 Examples 
Example 1 

87 kg of microsilica and 13 kg of synthetic red iron 
oxide are milled in a silex-ball mill for 4 hours with 50 
litres of water. The suspension obtained is dried and the 

30 granulate obtained calcinated at a maximum temperature of 
10501 C for three hours. A red coloured product is 
obtained, which is milled in a mill with alumina balls in 
dry conditions, until 99 % of the particles are smaller than 
40 microns. This colorant, added to a standard composition 

35 of porcelain stoneware in a ratio of 5 % by weight, provides 
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fired pieces with Hunter-LAB chromaticity coordinates of 
L=38.0 a=15.6 b=7 . 4 . 
Example 2 

346 kg of microsilica and 72 kg of synthetic red iron 
5 oxide are granulated in an intensive granulation machine 
with 80 litres of water. The granulate obtained is dried and 
calcinated at 10251 C for 6 hours at this maximum 
temperature, A reddish coloured product is obtained, which 
is milled in the same way as example 1. The chromaticity 
10 coordinates that are obtained are L==40.3, a=15.0 and b=7 . 3 . 
Example 3 

94 kg of microsilica and 6 kg of synthetic red iron 
oxide are processed in the same way as in example 1. The 
chromaticity coordinates that are obtained are L=43.5, 
15 a=17.2 and b=8.5. 
Example 4 

A suspension is prepared with 65.8 kg of microsilica, 
34.2 kg of ferrous sulphate (FeS04$7H2O) and 75.0 kg of water 
in a silex-ball mill. The milling lasts 4 hours. The 

20 suspension is dried and a granulate obtained that is pre- 
calcinated to decompose the sulphates and to oxidise the 
iron oxide and then the mixture is calcinated at 11001 C. 
The chromaticity coordinates that are obtained for the fired 
pieces prepared with 5% by weight of colorant are L.43.0, 

25 a=16.6 and b=10.5. 

Description of the figures 

Figure 1. Block diagram of the manufacturing process 

used. 

30 1. Microsilica 

2. Source of iron oxide 

3. Milling 

4 . Agglomeration 

5 - Pre-calcination 
35 6. Calcination 



Cooling 
Blending 
Dry mill 
Blending 
Sacking 
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CLAIMS 



1. Pigments of silica-iron oxide characterised in that 
the silica component (SiOa) is obtained from microsilica, 

5 having a ratio of silica that ranges between 70 and 98% by 
weight, while the ratio of iron oxide ranges between 2 and 
30% by weight- 

2. A process for obtaining pigments of claim 1, 
characterised in that it comprises the following steps: 

10 a) Blending the majority and minority raw materials, 

containing microsilica and iron oxide 

b) Agglomerating of the resulting blend of raw 

materials from the previous stage 

c) Calcinating in an oven the agglomerated blend 
15 obtained in the previous stage with a thermal 

cycle at temperatures comprised between 800 and 
1300°C, with residence times ranging between 1 and 
24 h, 

d) Blending the pigment obtained in the 
20 previous calcination step, 

e) Reducing the particle size of the obtained blend 
of pigment, 

f) Final blending with control of the chromaticity 
coordinates of the obtained pigment, 

25 g) Dosing and packaging. 

3. A process according to claim 2, in which stages a) 
and/or b) may be carried out in dry conditions. 

4 . A process according to claim 2 , in which stages a) 
and/or b) may be carried out in wet conditions. 

30 5. A process according to claims 2 and 3, in which the 

blend from stage a) is carried out by milling. 

6. A process according to claims 2 and 4, in which the 
mixture from stage a) is carried out by dispersion, 
preferably in water. 
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7. A process according to claims 2, 3 and 5, in which 
the agglomeration of stage b) consists of a granulation. 

8- A process according to claims 2, 4 and 6, in which 
the agglomeration of stage b) consists of drying by 
5 atomisation . 

9. A process according to claims 2 to 8, in which, 
before stage c) there is a prior pre-calcinat ion step. 

10. A process according to claims 2 to 9, in which, 
after stage c) , there is a cooling step, prior to blending 

10 of the resulting pigment. 

11. A process according to claims 2 to 10, in which 
step e) preferably consists of grinding or milling. 

12. Pigments obtained according to the process of 
claims 2 to 11 . 

15 13. Use of microsilica as a source of Si02 in the 

manufacture of inorganic pigments and/or colorants. 

14. Use of fumed silica as a source of Si02 in the 
manufacture of inorganic pigments and/or colorants. 

15- Use according to claims 13 and 14, characterised in 
20 that the source of silica is obtained from condensation of 

gases evolved during the manufacture of silicon metal and/or 
alloys thereof . 

16- Use of the pigments of claims 1 or 12, alone or in 
blends with other materials, as integrants in the 

25 compositions of enamels, glasses, ceramics, cements, 
plastics, laminates, graphic inks and rubber. 

17. Use of the pigments of claims 1 or 12, alone or in 
blends with other materials, in the surface decoration of 
enamels, glasses, ceramics, cements, plastics, laminates, 

30 graphic inks and rubber. 

18. A ceramic product characterised in that it includes 
in its composition the pigments of claims 1 or 12. 

19 . A ceramic product in accordance with claim 18, 
characterised in that it consists of a porcelain stoneware. 



20, A porcelain stoneware in accordance with claim 19, 
characterised in that it shows chromatic coordinates 
(Hunter-LAB) in the following ranges: L = 36-46, a = 10-18 
and b = 7- 11, for a percentage pigment of 2% that gives a 
colour of red-orange tone. 
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ABSTRACT 

Pigments based on silica and iron oxide and 
manufacturing process thereof. In order to obtain a pigment 
5 of silica-iron oxide, microsilica is blended and/or milled 
with a source of iron oxide in ratios between 2 and 30 % by 
weight of iron oxide. With the blending of raw materials a 
dry agglomerate is obtained that is calcinated at 
temperatures between 800 and 13001 C, obtaining a product 
10 that is milled to obtain a powder of red colour. This 
colorant can be used in a wide range of uses, for example, 
added to a standard porcelain stoneware composition, it 
allows red and orange coloured pieces to be obtained. 
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of purification to .a maximum impuritv Itfvel of 
around SOOppm. and for transparent siUca it should be purified 
to a inaxiTnum of about SOppm. The presence of 110: in the 
chemical analysi.^ may indicate the presence of r^tile. n^les of 
which could cause problems in drawing tubing bv producing 
bubb es. In semi-conductor products ihe pre^en^e of heavy 
metals, which act a$ conductor:;, would be deleteriou.<. 

Particle size for the silica feed is ver\- much dependent upon 
the fusion methods - torch, resistor furnace etc, and sand 
ran^ne from 50-oOOf* can be used. The ratio of silica raw 
materia! to fused silica product varies from 1:1 to 

Tj-pica! analysis of US higrh purity quartz sand 



Al 20.0 
Fc 0.5 
N'h 0.4 
K 0.4 
Ca 0.4 
Li 0.4 
1.0 

Ti 1.0 

Max, r<*t!iim»<i on 5<» nir«h .scriH.*n 

Max. through 140 mit.nh scrtt'n 



^MicrosUica ^ 

ftss<;ntially microsilica is not pnxluml dirwtly from a silica 
mineral but Ls formed a? a by-pmduct of ferro-silifon or silicim 
production. However, the final quality of the micro.siHca by- 
pro<iuct can be controlled to some extent by ensurinf^ the purity 
of the silica niw material U|uartz) u>u.hI to manufactun? the 
primao' product. Micrusilica is rec<iV(;rec] fmm thi- hut wa:<te 
erases prcKlucetl durinK ferru-Kilicon or silicon manufacture U\ thy 
following manner. SiO v;«p(nir mixt*s with- r»xyuen in the upper. 
L-<M>Ier part of th** furnace. o.xi<iiM>s to form SiO, and conilcnsi's 
in the form of microspheres of aniiiq>hnu.s .silica.. A /U*r passing 
thnju^h a pre-co!leclor and cycl<ine to remove counter particles, 
ihi* materia! is blown into and calluK'd in .spociallv cJtisiy^ruwi 
ha^rhouse filt«rs. The resultant |inidiu*t consists <if fini-K- dividiMl 
amortjhous silica spheres with u particlr sixi» similar to that of 
tdhKicco smoke. Averaj^e partich* (lianMa<»r is of tlie order nfOA'i 
micron^i. 

Microsilica obtained as a by-pnKluct of siUciin m<*tal manufac- 
ture pos.soj^ses a higher silica cnnU-nt (94-9H';f SiO .) than that oli- 
tained from fcrro-.Qilicnn production (atiuut SiO,)- 
Subsequently, consistency of pnxluct ciuality to can he fur- 
ther achieved by blenriin^r, lU'cause of its by-prtiduct status 
microsilica has a con«;iderab!c economic advanta);;c over sillcst 
produced by other chemical nieans. The avtfra#;e price for un- 
treated micnjsilica ^^des viurics frum amund £liKI^250 per 
tonne. M-. 

Typical chem ical composition of micrasiHca 

by weight 



SiO, 

A1,0. 

CaO 

MgO 

NajO 

K,0 

C 

MnO 
LOl 



Refractory 


CoTtcrete 


grade 


grade 




85-96 


0.1-0,4 


0^-ao 


0,02-0.4 


0^-0.3 


0.1-0.4 


0.1-0.7 


0,2-0,9 


0^1-3.5 


0.1-0^ 




0.2-O.7 


0.4-3.5 


05-13 


0.4-2.3 


0,05-2,5 


0.7-4.0 



•Sntm-: Ccmcryur. Octjuhrr 
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.^bout 120.D00 ipa of hi^h quality microsilica is available for use 
derived from silicon and ferro-silicon manufacture. The materiai 
is characterised by a ver\- small partici size (avera^ diameter 
O.lbuh spherical i>articles, and a ver>' hig^h surface area (about 20 
sti metres per p). These attributes combine to make microsilica 
a highly reactive sihVa product. Becuu#« of their siz and shape 
particles are able to move between and around coarser particles, 
filhn^ even the most minute spaces in any mixture. There are 
consequently several areas of application for which microsilica is 
particuWly well suited. 

Cement itious applicationf; 

In ccmcntitious compositions the microsilica pitriicles act as a 
superpozzolan as well as filler. c*mvertinK k-.ss u.<i-ful calcium 
hydro.xide cry.suLs into calcium silicate hyrlroxicle ^tsi binder 
This results in an improvetl microstructure because of the den*!L*r 
pore structure, which in turn results in reduced permeabilitv, in- 
creased durability, and hiRhcr stren^h. liondinp ti» aroreKate 
and reinforcinjr materials incntases and in fibrc-reinforcc<i pro- 
ducts the fibre durability is also improved. 




Gloflfiary 

Amorphoua dtliea is aiten used with reference to tbe 
tutiiraity oocttnin^ mtneral tHpoli wbieh is mbied tt-L. 
dusivebr in lUmoia «nd MiABOuri in the USA. Tli^ 
a tniBnomflr 6inoe tripoti is a mferoay^^ 
no amporphoua particles have been detected TVue 
phous ttttcsB indade precipitated silka, fktmed aOfe^' dltti^ 
gdp and §giBasy inmenla mcfcLM «ya*i4irf p^^^ JtnlnhSj ^ 
indndes materials nicfa aa mietoaiUca eptem^U^^^ 
obtained as a by^firodiiet fnm eilkea and f erRHsDIidiif^ 

» Fumed stiica ia an amorphoua fiyntheUc silica ie. it is not ' 
produced directly from a naturally occurring' aflics inineiaL 
but is a rhenacafly dttfved^MDdaeti ftnied BSIic«.^cnit^aF 
produoed htm the reaction ct ferxo«iUam ' wMi^' 
hydrochloric acid to produce eiUoon tetrachloride which is 
subsequently hydroliaed in a flame of hydrogen and omen 
to produce sflictt. This product is also known u pyrasehie 
or ooOoSdal silka. like eoBt of ftamed rfUes Cat abratii 
kg) la greater than that of micrDsDica which Is 
a^by-PTodact md cammands ynrnia thm i^ iiwiiflf iMsr^ 
thMi £1 per kg. F umed eibca will be conaidered in thoTSB^ 
lexi o^ cms ankle only In those areas of application t»iA^hl 
overiapjrith lutturaDy occult • ^ r 

M tooeil^ win be used In the context of this featoM to!, 
refar to'tfie silica qkheres obtained as a by-product of ^ 
rilleon and fern>«i!icon inaanfactnre. As siKh they win also 
be discussed ahmgaida natural siliea iinnerala amoe they'^ 
are essenttaQy (obtained as a primaiy product from siliea'' 
sand rather than being chemically derived. The tmn wiS^V- 
not be ^i^ied to any natursDy oecinra^ silics nimeraL-I^ 
other literature nricwesiKca products are also nafm rodto as V^ 
_vrt^cdj^arejteTOec»_^^ 

Precipitated silica is a igmtheticatbr prochiced attK»t)bbns>: 
BDIca obtained tern the reaction of water ^asa (~^»^* 
mUeate) with cattenic sulphuric acid. The sodiiaa «^ 
is prepared by hentmg silica sand v^ch.has been 
teaeted with caustic Boda. The product in then dftut 
ptodoce water glass. Silica sand raw materhd 
qiurements for thos appii^on sped^ a mininnimjMt^^ 
lSf?,f''li^^"*?™™" ahmiina, and mayimtnp fc 

0.1% F iO|. TliesBe requirement is for 11)0% less than~2i)w^ 
mesh. 
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JYNTHETIC SILICAS 



P)TX>g€nic silicas 

A sjTithetic version of silica can be produced by an electric are 
process with & charge of quartz and coke but apart from minor 
usage by F, B. Goodrich Co. in the USA and Deguaaa in West 
Gennamy, this process has not been a truly commercially viable 
one. The most important pyrogenic silicas are derived from 
aUcon tetrachloride (also known as tetracWorosilane), itself pro- 
duced from silicon metal (or in some cases ferrosilieon) for vMch 
the starting raw material is lump quartz. 



Fumed silica | 

r umea suica is prepared by the high-temperature hvdrolysis of 
sibcon tetrachloride in a flame of hydrogen and oxygen The 
resultant silica consists of very fine spherical particles of an' even 
size (typically m the 7-20 nanometre range). Primary particles 
are often joined together in aggregates or chains and most impor- 
tantly the outer surfeces are populated by hydroxyl ions. 

When fumed silica is dispez^ in liquid systems, its surface 
hydroxyl ions can link the individual aggregates into intricate, 
three-dimensional networks which result in thickening or gel for^ 
mation. Since the linkages may be easily broken (by shear) and 
re-estabUshed the product is an excellent example of a thixo- 
tropic material 

AVhen blended into powder systems, fumed silica works as an 
anticaking and free-flowing agent — since its fine pariade size 
and high surface area enable it to cover the laiw particles of 
powder with a thin coating. 

Other silicon-metal-deHved products 

Silicon metal provides the starting point for a number of high 
purity silicon compounds including silanes, silicones, fumed silica 
(described above), and semiconductor siHoon. The intermediate 
product for most of these compounds is silicon tetrachloride (or 
tetrachlorosUane). 

5ili<:ones 

The silicones, or polysiloxanes, are chemical polymers in which 
atoms of silicon and cncygen form the central chain (rather than 
carbon as in "conventional" organic polymers). In most silicones 
two organic groups — usually methyl (-CH ,) or phenyl (-C,H,) 
— are attached to each silicon atom. Tliey range frtwn oily liquids 
to rubbery solids and are stable tOfward heat, water repellant^ 
chemically inert, and electrically insulating. Slicones are used as 
lubricants, hydraulic fluids, electrical insulators, and moisture- 
proofing agents. 

The main manufacturing process involves the reaction b^ween 
methyl chloride with powdered sihoon metal powder (in the 
presence of copper/copper oxide catalysts) to produce a mixture 
of chlorrosilanes, which are separated by fractional disdllataon. 
The different chloraailanes, which have the general formula 
R„SiCl,^, can then be poljrmerised by controlled hydrolysis. 



Si lanes 

The dlanes are a series of covalently bonded compounds contain 
ing silicon and hydrogen with the general formula Si„H. . and 
the simplest member is monosilane, SiH,. The silanes are struc- 
tural analogues of the saturated hydrocarbons but are much less 
stable. Pure ailanes can be made by the reaction between 
magnesium mlidde and add or between silicon tetrachloride and 
lithium aluminhim hydride; they are highly unstable and bum or 
explode on contact with air. The chlorosilanes are important 
intermediate compounds and may also be used in dir^ appli- 
cation to impart water repellancy to other materials. 

Semiconductor silicon 

The purification process to convert silicon metal into super-pure 
semiconductor silicon begins with the production of an inter- 
mediate compound such as trichlorosilane (SlHCl,) or tetra- 
chloroailane (Sia«) which is then purified by fractional 
distillation. The purified distillate is then pyrolyticaUy de- 
composed in an atmosphere of hydrogen to yield super-pure 
silicon metal and hydrochloric add: 

H, + SiHClj — Si + 3Ha . 

The polycrystalline silicon thus formed is converted to single 
crystal by the Czochralski or floating-wne method. 



Table 5. Typical properties of synthetic silicas 



Saea. 



NoAl . Ca 




\ (angAnHBs)-: 

^Spedficigiir^ 



• 97 ** 



ScmncK Oo«AeU Chtmnb. Dcbvom, RhfacPaateflic. QnhoL Corp, 





J. STODDARD & SONS UMITED, STOKE^N-TRENT. 

Industrial Silica Sands and Powders 



High quality silica sand & silica flour 
supplied in a variety of grades for use in 
many industrial processes 



ErKluiries to:- 
84, Moortand Road, 
Burslem, Stoke-on-Trent, 
Staffs. ST61DY 

Telephone: (0782) 577099 
Fax: (0782) 575428 
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Comparison of cer 
UK 



kentitious' materials available in the 



(MierosUicc 



Oiemical 
(% by weight) 

SiO, 
Fe,0, 
A1,0, 
CaO 
MgO 

Na,0 + KjO 

Physical 

Surface area 

Bulk density 
Specific gravity 2.20 



92.0 

12, 
0.7 
0.2 
0.2 
2.0 

J5-20,000 
200-300 



PFA 



GGBFS 



20.0 

3.5 

5.0 
65.0 

0.1 

0.8 

350-.500 



ai2 



50.0 


38.0 


10.4 


0^ 


28.0 


11-0 


3.0 


40.0 


2,0 


7.5 


3.2 


1.2 


300-600 


300-500 


1,000 


1.000-2.000 


2.30 


2.90 



c^^fi^r"^^ "^j^i?"" puiveri^ fuel «.h. 

GGBFS ground graimiatod bUxi fum«« sb^ 



There is currently no British Standard for mkrosilim 
nucTosjhca concretes. However ASTM- wWcS^pi^S .hi 
requirenients for fly ash and r»w or caldned .^S^S^ ^^ 
ed as mineral admixtures in Portland ccmenr^SoSl^ tei^ 
l^h^^^^fv^'r"^."^* njicrosilioa. In Norway and 



SiOj content 
Alkali content as Na^O 
Carbon content . . 
% pasaini^ 45m sieve 
Solid content of slurries 
pH of slurries 



85% minimum 
2% maximum 
2% maximum 

99% minimum 

50%x2% 

5.5±1 



Overall, microsilica can offer a number of beneHdal effects in 

turn, reductaon of perrneability. sulphate resiaUmce^dS 
chlonde ion penetraUon from 50% to 100%, conS^n in^bid^ 
reduced carbonaucm, greaUy improved fr^ere^tluiw dm^Stv 
improved workability and pumpibiUty, ina^eSTrhemSlnd 

Polymer applications 

traded polymer products, serving to improve their imnaet 

^chemical additives are also produced which contribute to a 
smoother production process and increased productMSr 

Refractory applications 

Si.fe^S*'^ nuajosllica grades produced from silicon metal 
manufacture are used m refractoiy applications because of its 
iHgher pnce and hmited availability. These gradwweui^ to 
i^T^Z^J:^ nuule from cal^ aluSTcSS^^S^ 
mothw refractory matenals eg. castablea and bricks. whe>« 
SXTk"^* the hydraulic and cenunic bonding 5^Sese 
t^^^Tt'' enh««i^g other properties iIISSSb^I^ 
tory castables containing micTDsaics are ixmladmr rStertorv 
bncks .n many Whilst convenUonal «KKru2ttZ 

Si^'^r"*.Hr" P**^"^- "'^hanleal.lTtSS prSS^ 
Ues because of then- water and calcittm contents, the adSlrf 
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microsiUca reduces the am unt of calcium aluminate r^,.i^ 
and consequently the xvater content As a reault^?^^ 
«stables «n achieve strengths some three or S Ui^SS^ 
than conventional materials. The new range of astawS uSr K 
have nncrosiUca contents varying fh,m 2% to l»by Sfeh^S 
calcium aluminate contents of 0-10« by weight. pi^^S 
mechamca^ strength, high resistance to mechaS^ SSn^ 
^^nt^^tencetothermal shock becauseofft^ 
S^l^ri^^T'^ ^ntentHlfd'a 
additioiiaay being used in monolithic linines and 
precast shapes and aUou^ their producUon by n"v te^fSo* 

th[t^rin,; Vf« ^ reactivity improves the ceramic hondinc so 
J^^ti^ temperatures can be lowered by about 100-i.50''C 

a^d *«;T"''"? ""proves adhesion in custablcs 

fnSl**^'' i''* 'V'^'' »*^/'S**' of microsilic«-ba.sod cas^tablc rcfrac- 
tSeT^^mo-nS"" ^'"rfclenibly reduce the nS^ 
iruotness n most loins, furnaces, bo ers. and proheatcrs 

Otheruses 

hiL^ feacUvijy of microsilica is found to give economic 
b^ts m theproduction of various silicates whilst it is a^u^ 
«««mg powders, imiolating powders, aids to cstaj^^t sSjS 
Wjms. and for selective adsorption of ions in the chemi,^!; 

Filler and extender applications 

SIiSi*ri^ ^^1^.'^ » flo""-. microsilica. precipitated and 
SoS'^!"?^^'*!L «''.'*'«*«nent filler ^d e^^tender a,^ 
tJt^S P^*'* area of th silica a^ 

two of Its miHt important attributes. Tripoli is produced inZ . 

IrSd^rf 1^ «^ ^ intdihood of even smaller grades being 
0 1 P« n aver^g about sitgsOfc SiO, 

"iJS" oT-^^J^^T*?*., to the source (Missouri-Oklahoma 

Tile ritimate puiuJe soe is sub^eron but Iripoli particles tend 
2^,r?"i*i»f«7» f^*^ «<Wn«»tes. P«cipitatersmca 
wnulwly M oompoaed of aggregates of sub-micron Dartidea 
g*«tj5e djameter O.ma which agglomenito to^rTSSr 
"»« enides varies from 87% to 97^ 
F^eapttated sdieu currently seU for amind per lb 

JS^i^^i^ Wlomenrted Ibrm. has partidis wiU^ 

a^igmg more than 99.8%. The cost of fumed silica is arvund X4 

Mastic 

'^^^ impart flexural and com- 
S^/?^ *2 ^" addiUolTtheir low oil abwp- 

S;.^^^!!^' "t'af <fi?Pemon allow high loading inm^t 
SST « ^ •ddmons improve dfanendSnal stability and 
^^^S^ identified 
wrth the use Of these products, however, is wear on extrudinir 

o^wme this drawback The excellent dielectric properties of 
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